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Shipboard cables incorporati::g 
silicones have now been 
S F L i C 0 te c S developed and adopted 
by the Admiralty for 
installation in H.M. ships. 
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I.C.I. Silicones have been approved for incorporation in 


these cables in the following capacities: 


For extruded cores — 1.C.I. Silicone 
Elastomer E.370 


For glass cloth coating — I.C.I. Silicone i . C 2 I s 


E.391 and E.392 S 
For strand filling — 1.C.1. Silicone E.393 L C 0 N E S 
For lubrication — I.C.1. Silicone ae Giana progres 
Slipper Compound , 
1.C.1. Fluid F.110/300 


Other silicone rubbers, for example the E.310 class, 
continue to be available and for some types of cable 
may be more appropriate. 


Apply to your nearest I.C.I. Sales Office for full details of silicones for cables or for any other projects 
requiring resistance to extremes of temperature, freedom from sticking, ozone resistance, or water repellency. 
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THE BLUE PAGES 


@ METHOD OF HOT- DIP COATING 
WITH ALUMINIUM 
In the dip-coating of metals, 
especially iron and steel, with 
aluminium or aluminium alloys, 
it is customary to employ either 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





molten fluxes or neutral atmos- 
pheres above the bath to facilitate the production 
of satisfactory coatings. A recent patent speci- 
fication states that the use of fluxes or neutral 
atmospheres increases the cost of carrying out 
the hot-dipping process, and that certain 
aluminium alloys cannot be used economically 
and satisfactorily in hot-dipping, owing to the 
slow speed with which these coatings are formed. 
Ithas now been discovered that the addition of a 
small amount of sodium or potassium or of a 
sodium-potassium mixture to the aluminium 
bath makes it possible to increase coating speed 
and to dispense with the need for fluxes or 
neutral atmospheres. It is claimed that bath life 
will also be increased, and that the evenness and 
smoothness of the coatings are also improved. 
After first skimming the aluminium bath, a 
quantity of metallic sodium is then plunged 
below the surface of the bath and stirred. After 
a relatively short time some of the sodium will 
be absorbed in the bath, and the excess will either 
be fumed away or converted to a dross on the 
surface. The bath is then skimmed carefully and 
is ready for use. The appearance of the bath 
surface is said to be brighter than it was before 
the sodium treatment and to remain bright for a 
longer time after skimming. The cleaned piece 
iis immersed directly in the bath without a pro- 
fective atmosphere or flux, and is withdrawn 
fter a few seconds with an even and smooth 
coating. It is recommended that, for optimum 
eoating speed, between 0-001 to 0-1% by weight 
Of sodium and/or potassium should be present 
in the bath. 


r IMPROVED METHOD OF MANUFACTURING 
ROLLER- AND BALL-BEARING RACE 
MEMBERS 


A recent patent specification describes a 
novel method of manufacturing the race mem- 
bers of roller and ball bearings, its object being 
inhibition of their permanent distortion under 
working conditions. The components of bear- 
ings manufactured by conventional methods 
May, it is stated, take a permanent set under 
working conditions to such a degree that the 
bearing becomes unfit for further service long 
before the working surfaces of the components 
have suffered any serious damage or deteriora- 
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tion. The new method proposes a sequence of 
operations involving mechanical pre-stressing of 
the bearing rings, in combination with grinding, 
resulting in finished race members which can 
withstand the service for which they are designed 
without suffering permanent distortions. In the 
new process, a final grinding is given to all those 
surfaces in which the effect of the subsequent 
permanent set can be neglected, such as those 
which are not track surfaces and which do not 
require an accurate finish. All other surfaces, 
e.g., track and housing-fitting surfaces, from 
which it is desired to eliminate distortions due 
to a permanent set, are only partially finished, 
the excess size allowance being sufficient to en- 
able superficial distortions to be subsequently 
ground out by a finish-grinding operation. 
Mechanical pre-stressing is then applied to the 
race member so as to produce a permanent set, 
after which the over-size surfaces are finish- 
ground, thus leaving a finished race member of 
the correct dimensions but in a mechanically pre- 
stressed condition. The mechanical-stressing 
operation is conveniently effected by applying a 
load to the working tracks of the partially 
finished race member through slave rollers or 
balls which are caused to roll round the tracks 
in a way similar to that followed by the rolling 
elements of the finished bearing. When this load 
is applied, the ring distorts and takes a perma- 
nent set. 


@ PREVENTION OF CAVITATION EROSION IN 

DIESEL-ENGINE COOLING JACKETS 

It appears that resonant vibration of the 
cylinder liner of a diesel engine, as excited by the 
impacts of piston slap and cylinder firing pulses, 
is one of the important factors in causing cavita- 
tion erosion. Thus, any measures that can be 
taken to reduce vibration will have a beneficial 
effect. In fact, it is reported that no material can 
resist pitting, if the amplitude of vibration ex- 
ceeds 0-003 in. Two methods of reducing 
vibration of cylinder liners are (1) reducing 
piston clearance and (2) increasing liner-wall 
thickness. Vibration tests have indicated, for 
example, that liner-wall vibrations can be 
reduced from slightly over 0-006 in. for a thin- 
wall liner of 0-156 in. with a production piston 
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to less than 0-001 in. for a two-piece heavy-wall 
cylinder of 0-25 in., with a piston having 20% 
less clearance. The use of a harder or more corro- 
sion-resistant material for the liner also lessens 
cavitation erosion. It is reported that the cavita- 
tion erosion experienced in a diesel engine has 
been completely eliminated merely by changing 
the material of the liner to copper-chromium- 
iron. Both non-metallic coatings and platings of 
various types have also been found helpful in 
reducing cavitation erosion. In this connection, 
one investigator has obtained optimum results 
with a 0:003-in. nickel plus 0-01 in. chromium 
plating. Another investigator reports that 
especially good results were obtained with self- 
regulating chromium plate, this being ascribed 
to the fact that the self-regulating chromium 
plate has about 3000 grains per square 
inch, as compared with 720 grains per square 
inch for conventional chromium plate. 
Copper plating can also be used, but it has 
been found important to ensure that the copper 
is properly bonded to the sleeve surface. 


@ BRAZING PROCEDURES FOR STAINLESS- 

STEEL HONEYCOMBS 

A recent report claims that one of the most 
promising materials for supersonic aircraft and 
missiles is a welded stainless-steel honeycomb 
core with brazed face sheets and close-outs. 
This material is stated to meet most closely 
requirements for a high strength-to-weight ratio 
and the ability to withstand the high tempera- 
tures generated by atmospheric skin friction. 
The honeycomb core is made of stainless-steel 
foil, 0-001 to 0-003 in. in thickness, and is formed 
by resistance-welding adjacent nodes of the 
formed foil. Cells may be hexagonal, square, or 
other shapes, # to ?# in. in width, and core 
depths may be as much as 9 in., or even more. 
Other materials, such as mild steel and tool 
steels, have been tried, but have been found un- 
suitable for this purpose. Brazing appears to 
be the most promising fabrication method, and 
the brazing alloys which are being studied melt 
at 1600 to 2000°F, a rule-of-thumb requirement 
being that the melting point of the brazing alloy 
should be about twice the operating temperature. 
Particularly suitable for the purpose is silver- 
manganese, either as a binary alloy or containing 
small amounts of lithium, nickel, chromium, 
iron, cobalt, or copper. The brazing alloy must 
have good wetting power and corrosion resist- 
ance ; in addition, it must not decrease the 
strength of the parent metal by intergranular 
penetration. One alloy is not, however, suffi- 
cient, as fabrication techniques require a com- 
plete family of alloys, so that multiple-stage 
brazing can be carried out. While honeycomb- 
sandwich materials have excellent strength and 
oxidation resistance at 600 to 800°F, they are 


MAY, 1957 Volume 18, No. 5 





all reactive at high temperatures, so that they 
must be protected during brazing. Several 
brazing methods are therefore being studied, 
including retort brazing, vacuum brazing, induc- 
tion brazing, electric-blanket brazing, blow- 
torch brazing, radiant-lamp brazing, and salt- 
bath brazing. Of these, retort brazing, in which 
the part and its tooling are placed in a protective 
retort located in a conventional high-temperature 
furnace, is at present the most favoured, mainly 
because furnace equipment can best be adapted 
to it. However, despite the considerable ex- 
penditure required for new equipment, vacuum 
brazing seems the most promising method, by 
virtue of its important advantages, including the 
fact that brazes made in a vacuum are generally 
stronger than those made in inert or hydrogen 
atmospheres, and that the use of a vacuum fur- 
nace obviates the use of complicated retorts and 
the costs of inert gases. 


@ DIRECT-READING TECHNIQUE FOR THE 
DETECTION OF DEFECTS IN SHIP WELDS 
The failures experienced with welded ships 

make it desirable to have a reliable and fairly 

simple means of flaw detection in ship structures. 

Unfortunately, conventional radiography, even 

if applied to selected sensitive locations in the 

midship structure, is costly and time-consuming, 
so that a more convenient method would greatly 
contribute towards the general acceptance of 
flaw detection in shipbuilding. Recent investiga- 
tions are concerned with the feasibility of a 
direct-reading or filmless technique in radio- 
graphy, using a cobalt-60 source and a Geiger 
counter. For this purpose, tests have been 
carried out on a welded test plate, | in. in 
thickness, the tests being based on transmitted 
radiation and the time required for a preset 
number of counts on a chronograph constituting 
a function of the radiation intensity passing 
through a specific area of the weld. The larger 
the void, the shorter is the time indicated on the 
counter. A comparison of the densities of the 
testpiece radiograph has indicated a fair degree 
of correlation, and the minimum void depth 
detected by the counter was 6% of the 1-in. 
steel. Preliminary tests also indicate that it is 
feasible to place both the radiation source and 
the detector on the same side of the weld and to 
use a lead-sheet radiation scatterer on the other 
side. Experiments have also been carried out 
with the use of X-ray equipment in place of the 
gamma-ray source. The detectors used in these 
tests were a scintillator, an industrial Geiger 
counter, and cadmium sulphide and cadmium 
selenide crystals, the scintillator being found to 
be the most useful detector of gamma radiation. 

It is reported that further experiments, using a 

2000 mC cobalt-60 gamma source, are now in 

course of progress. 
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One of the most interesting features of 

the Prestige ‘ Imperial ’ Food Mixer, 

is that the makers give with it a five- 

year guarantee. We regard this guarantee 

as a fine tribute to the quality and prestige 

of our castings which form the body, handle 
and gear. 

As the demand for quality die castings has risen 
it has been a matter of regret that for 

some time we have been unable to accept 
orders from new customers. 

In order to satisfy demands from new 
customers we have completed a major develop- 
ment programme. We are now even better 
equipped to give you an excellent service 

and welcome your enquiries. 


Photograph reproduced a 
by kind permission of 
The Prestige Group Ltd. 
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METHOD OF PRODUCING TARNISH-RESIST- 

ANT SURFACES ON ALUMINIUM 

A recent report points out that wheel buffing 
and polishing produces on most aluminium die- 
castings a surface which soon tarnishes unless it 
is plated or otherwise protected. It is known 
that a high lustre can be produced on sub- 
stantially pure aluminium and that it will remain 
bright for long periods without a protective 
coating ; however, on die-casting aluminium 
alloys, the lustre is sensitive to finger-prints and 
does not remain bright, this being attributed to 
alloying ingredients on the surface. Experiments 
have shown that, if the alloying elements on the 
surface are removed by acid etching, and if ball- 
burnishing in a barrel is then carried out, it is 
possible to obtain a brilliant finish which is 
stain-free, affords prolonged resistance to tarn- 
ishing, holds its colour well, and does not show 
finger-prints. The parts to be etched are cleaned 
in a hot controlled-etch alkaline cleaner, rinsed 
twice in cold running water, and are then dipped 
for a few seconds in a concentrated solution of 
nitric and hydrofluoric acids at room tempera- 
ture. This carefully controlled solution attacks 
and etches out alloying elements on the surface 
of the castings, but does not readily attack the 
aluminium, which is left in essentially pure form. 
Acid etching is followed at once by two cold- 
water rinses, and care is taken to keep the cast- 
ings wet until they are placed in the barrel, the 
balls for burnishing being so chosen that they 
will reach into fillets and recesses, but will not 
lodge in holes in the castings. 


@ ELECTROPLATING OF LIGHT METALS FROM 
ORGANIC SOLUTIONS 

__It is reported that several refractory and 

light metals or their alloys, including beryllium 

and alloys of magnesium, titanium, or zirconium 


_ with aluminium, can now be electroplated from 
| organic solutions. 


These deposits have been 
produced by plating techniques developed in 


| connection with investigations concerned with 


the electrodeposition of metal coatings and with 
the electroforming of refractory metals. In the 
course of this work, improvements have also 
been made in a process for electrodepositing 
aluminium, but, with the exception of aluminium, 
plating of refractory and light metals is not yet 


| commercially practicable. Refractory and light 


metals have many special properties which make 
them important in industrial applications. 
Thus, titanium and zirconium are corrosion- 
resistant and have relatively high melting points, 
and would therefore be very valuable either as 
protective coatings on other metals or for elec- 
troforming. However, their deposition potentials 
are so far above hydrogen in the electromotive 
series that they cannot be deposited from aque- 
Ous solutions. It was therefore decided to in- 
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vestigate fused salts and organic solutions as 
baths for electrodepositing light and refractory 
metals, the best deposits of these metals being 
obtained from halides, hydrides, borohydrides, 
and organo-metallic compounds, dissolved in 
ether. Fused salt baths yielded the metals only 
in the form of powder, flakes, or dendrites. 
Electrodeposits of pure titanium and pure zir- 
conium have not as yet been obtained from 
organic solutions, but alloys of these metals with 
aluminium were deposited from ether solutions 
containing complex metal compounds. The 
alloys produced were titanium-aluminium (6% 
Ti) and zirconium-aluminium (45% Zr). Satis- 
factory deposits of magnesium-aluminium (6% 
Mg) were also obtained. 


@ MEASUREMENT OF THE CORROSION RATE 

OF IRON BY POLARIZATION TECHNIQUES 

In corrosion-rate measuring techniques, the 
extent of corrosion is usually expressed in such 
terms as weight loss or pit depth. When the 
degree of corrosion is based on weight loss, the 
test specimens must be exposed for sufficiently 
long periods to render cleaning errors negligible 
in comparison with weight loss. Also, in order 
to study the effect of exposure time on the rate 
of corrosion of a given material, removal of 
individual specimens at given intervals must be 
effected, and under these conditions results will 
depend on the uniformity of the electrolyte. If 
this electrolyte is a soil, the corrosion rates of 
similar specimens will differ, unless the degree 
of aeration around each specimen is the same. 
A new method of measuring corrosion rates, in 
which these disadvantages are overcome, is 
based upon the observation that the corrosion 
rates of specimens of low-carbon steel exposed 
in the laboratory to soils can be measured elec- 
trically by analysis of cathodic polarization 
curves. The sensitivity of this technique as a 
means for measuring relative rates of corrosion 
was studied by simultaneously exposing alumi- 
nium-killed and silicon-killed carbon steels of 
approximately the same composition for two 
weeks. Also included were additional specimens 
of the same steels after water-quenching from 
1650°F. Neither polarization nor weight-loss 
measurements revealed any differences in the 
corrosion rates of aluminium-killed or silicon- 
killed steel specimens, but both methods of 
measurement showed that quenching presum- 
ably causes the rates of corrosion to be slightly 
increased. The sensitivity of the polarization 
method was further explored by using automatic 
equipment for recording cathodic polarization 
on simultaneously exposed low- and medium- 
carbon steels. The corrosion rates calculated 
from the polarization curves were found to be 
within + 5% of the corrosion rates shown by 
the actual weight losses. 
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As the point of the lead presses on to 
the paper the friction slows or stops 
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| during the chilling operation and became rela- 
| tively oval, and all efforts to obviate such dis- 
| tortion and ovality are said to have been un- 
; Successful. 


| MAY, 


TESTER FOR MEASURING THE TORSIONAL 

YIELD POINT OF SPRING WIRES 

A new design of wire tester, developed for 
measuring the torsional yield point of spring 
wires, is basically a simple device designed to 
twist a known length of wire about its axis 
through a known degree of angular deflection. 
When the load is released, the amount of per- 


- manent deflection or set in the wire is measured. 


When the angular set reaches an amount equal 
to 2% of the angular deflection given in the test, 
this value is arbitrarily called the 2% set point. 
No load measurements are taken, but the stress 
is computed from the wire dimensions, the de- 
flection, and the modulus of rigidity. It is pro- 
posed that this test should be employed in place 
of the tensile test commonly used by spring 
makers, because, although the tensile test is 
rapid and reproduceable, and has provided a set 
of quality standards which are quite workable, 
it does not provide a true method of predicting 
spring performance. In fact, it is not necessarily 
a pertinent measurement, nor is it sufficiently 
sensitive, and it is of meaning only in the light 


) of previous data. A helical compression spring 


is stressed in torsion ; it may fail in service by 
setting, i.e, by exceeding the torsional yield 
point. The value of the torsional yield is there- 
fore a design criterion which may be used 
directly in calculating the load which a — 
t 1s 


can safely carry without excessive set. 
reported that the new testing procedure has also 
| proved to be sensitive in wire-development re- 
search, and it may therefore be possible to use 
this test as a wire quality-control technique to 
yield design data directly applicable to spring- 
design problems. 


@ HARDENING PROCESS FOR LONG CARBON. 

STEEL TUBING 

A recent invention is concerned with a pro- 
cess for hardening long tubes or other elongated 
hollow bodies made of carbon steel. It is stated 
that one field in which this invention has been 
found to be especially applicable is the hardening 
of tubes for oilfield use. These tubes, e.g., pipe- 
liners, have in the last few years been increas- 
ingly used for petroleum bores of relatively great 


depth, and requirements for the strength of such 
_ tubes are increasing accordingly. Alloy steels 
| were first used as the tube material, and efforts 
| were then made to bring unalloyed carbon-steel 
j tubes to the desired strength by heat treatment. 
| This was effected by chilling the heated tubes 
| from the hardening temperature by means of a 


water spray and by subsequent drawing treat- 
However, the tubes became distorted 


The object of the new process is 
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stated to provide a method which eliminates 
these defects and which at the same time speeds 
up manufacture. Briefly, the process provides 
for hardening the tubes from the inside by pass- 
ing a coolant helically along the inner surface of 
the tube at high speed, this speed being defined 
as that at which the coolant travels when it is 
ejected from a nozzle at a pressure between 6 and 
12 atm. The actual range of speed to be used ina 
given case will, of course, depend on the size of 
the tube and other conditions, such as the 
nature of the internal wall surface of the tube. 
Similarly, the actual pressure to be used will 
depend on the length of the tube and the dimen- 
sions of the discharge nozzle. However, the 
governing requirement is that the helical course 
of the coolant jet must be maintained until it 
reaches the end of the tube. 


@ EQUIPMENT FOR MAKING ULTRASONIC 

PICTURES VISIBLE 

A new principle has been proposed for ren- 
dering ultrasonic pictures visible as electron- 
optical images. The corresponding equipment 
comprises a tuned piezo-electric crystal and 
means for producing a potential picture on the 
back of the crystal by the ultrasonic wave-front 
modulated by the picture content. Electrons, 
rendered homogeneous by electron-optical means 
are then directed onto the back of the crystal by 
an electron gun, which consists of a source of 
electrons and an acceleration system. The elec- 
trons are reflected, braked, or absorbed on the 
quartz surface, which is provided with a very 
thin semi-conductive coating, by the potential 
image corresponding to the picture content. The 
reflected electrons are then driven onto a 
fluorescent screen, where they produce an elec- 
tron picture, which constitutes an exact copy of 
the sound picture formed on the quartz. A sharp 
electron picture of an ultrasonic picture formed 
on the quartz is also produced after reflection of 
the electrons, independently of the reflecting 
potential field, i.e., independently of the poten- 
tial of the individual electrodes of the electron- 
optical system. Enlargement of the reflected pic- 
ture, not the picture sharpness, is dependent on 
the reflecting field, and this enlargement may be 
greatly influenced by the voltage applied. When 
highly driven potential differences of the elec- 
trodes are employed, this arrangement may 
therefore be termed an ultrasonic microscope. 
An additional increase in sensitivity may be 
achieved by employing a piezo-electric trans- 
former in place of the piezo-electric crystal. 





For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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Surface Contacts with High Loading Pressures in 
Corrosive Atmospheres 


By D. MULLER-HILLEBRAND. 


(From Elektrotechnische Zeitschrift (E.T.Z.), Germany, Edition “* A”, Vol. 77, 


pp. 860-863, 2 illustrations.) 


WHEN considering contacts with high loading pressures 
in corrosive atmospheres, it is necessary to distinguish 
between visible and electrically measurable corrosion. 
The formation, size, and number of current-transition 
points in surface contacts of oxide-free metals and 
graphites gradually covered with foreign layers have been 
determined in a previous experimental and theoretical 
investigation}, in which the fraction of the loaded contact 
surface which is electrically conductive for a contact 
covered with a thin invisible layer of oxide was estimated. 
As an example, it was found that, for a copper contact 
subjected to a load of 100 kg, with an overlapping surface 
of 200 mm?, and a very fine-ground surface finish, the 
load-carrying surface was effectively only about 4 mm?, 
and the electrically conductive surface, made up of a 
large number of fine cracks in the oxide film, was of the 
order of 0-1 mm?. There are, therefore, three different 
surfaces to be considered, i.e., (1) the overlap surface of 
contact blades, determined by the actual design ; (2) the 
load-carrying contact surface, which is mainly determined 
by the contact pressure, and by the surface condition and 
hardness of the metal ; and (3) the electrically conductive 
contact surface, which is essentially a function of the 
mechanical and electrical properties of the foreign layers 
and the base metal. 

Although the electrically conductive surface is always 
small relative to the overlap surface technically required, 
the electrical resistance of contact arrangements subjected 
to heavy mechanical loads can be technically acceptable ; 
in other words, its resistance may be equal to or smaller 
than that of a contact blade with a length equal to that 
of the overlapping section. 

As foreign layers are formed on open-type contacts 
accessible to air, an increase in contact resistance of 
blade-type connections can be measured when the con- 
tacts are closed after a period of storage. The rate of 
increase of this contact resistance has been investigated!.2 
and has been found to depend on a number of factors, 
¢.g., initial treatment and hardness of the material, 
ambient temperature, and humidity. To obtain the 
required data in these investigations, measurements were 
made on contact blades of 15 x 3 mm, which were stored 
without special protection, and which were placed cross- 
wise on each other for the test and subjected to a load 
of 250 kg. The results then indicated the period of 
exposure which could be assigned to each specimen, i.e., 
the time which it takes to reach the maximum still per- 
missible value of contact resistance. Allowance must be 
made for a considerable amount of scatter in these results. 





(1) D. MOULER-HILLEBRAND : “ Flichenkontakte unter hoher Druck- 
rae Wissensch. Verdff. Siemens-Werke, Vol. 20, 1941, pp. 

(2) D. MiLLeR-HitcesraNp : “Aluminium als Leiter in Schalt- 
geriten” ; E.T.Z., Vol. 61, 1940, pp. 1117-1122. 
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These tests under high loading pressures showed in 
particular that duration of the exposure could be 
increased considerably by means of the following treat- 
ments :— 

(1) Application of a coating of soft, and to some 
extent corrosion-resistant, tin. Owing to the low 
hardness of tin, the two surfaces in contact flow 
into one another, causing a large number of 
ruptures in the foreign layer, so that, in spite of the 
much lower conductivity of tin relative to copper, 
the contact resistance has a low value. 

(2) Roughening of the surface, resulting in high spots 
which subside under pressure and thus break up the 
foreign layer, so that metallic contact is obtained. 

(3) The use of precious metals or metallic coatings. 

For completeness, it may be mentioned that duration of 
exposure is also considerably increased when a coating 
of grease (e.g., vaseline) is applied. 

The humidity of the ambient air has a considerable 
effect on contact resistance. This influence is particularly 
apparent in industrial installations exposed to air con- 
taining sulphur or chlorine, and protection against 
corrosion is necessary in such cases. It is not sufficiently 
borne in mind, however, that in dry air corrosive attack 
is very slow. Frequently, in plants where there is a danger 
of corrosion, fresh air is supplied by means of a fan, but 
this air is also substantially humid. It would therefore be 
preferable to have such installations exposed only to dry 
air, obtained from a drying plant, with hermetically 
sealed premises and a room temperature between 40 and 
50°C. The conditions obtained would then be approxi- 
mately the same as in a totally enclosed installation, in 
which (provided that sealing is satisfactory) corrosive 
attack is prevented to a considerable extent. 


CONTACTS BETWEEN VARIOUS METALS 


Contact corrosion between metals having different 
normal potentials in screwed connections takes place 
slowly in humid air. For reference, it may be noted that 
the normal potential of like metals is zero, and that such 
connections are good in moderately humid or even wet 
surroundings. Copper-to-iron connections produce a 
potential of 0-785 V and are usable in such surroundings, 
whereas copper to aluminium and aluminium to iron give 
higher values and can be used in moderately humid but 
not wet surroundings. These results agree with experience 
under service conditions. They apply also to alloys made 
from the metals considered, e.g., to brass and bronze as 
well as copper, and to various types of steel as well as 
iron, provided that the metals and their alloys are 
corrosion-resistant or corrosion-protected for the applica- 
tion considered. 

For testing the suitability of connections for use in 
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salty and humid atmospheres, it is advisable for reliable 
results to spray the contacts about 1500 times with suit- 
able salt-mist equipment. Belted connections of alumin- 
ium and copper are not suitable in open-type installations 
or in plants with a chemically aggressive atmosphere 
(ships’ installations being included in this category), since 
connections with these two materials can at most sustain 
about 1000 sprayings with mists containing common 
salt, before contact resistance reaches its limiting value. 
When this treatment is continued, contact resistance 
increases suddenly and the connection becomes tech- 
nically useless. However, in normal premises for switch- 
gear installations, contact between aluminium and copper 
over large contact surfaces does not require any special 
precautions. 


EXPERIMENTAL INVESTIGATIONS 


With open contacts in switchgear, fuse-boxes, etc., 
corrosive attack can have particularly severe effects. 
Even after a very short time, both copper and silver are 
covered with a visible foreign layer. To obtain data under 
open-contact conditions, additional tests were carried 
out. Copper blades of 15 x 3 mm, as previously men- 
tioned, covered with various protective coatings, were 
suspended in a corrosive atmosphere, in different rooms 
in a sulphate plant (see below) the object being to deter- 
mine the electrical suitability of coatings of nickel or 
chromium, as compared with silver coatings of various 
thicknesses. Optically, nickel and chromium are favour- 
able, whereas silver immediately shows a dark tarnish. A 
further object was to determine whether a thick electro- 
lytically deposited protective layer provides any advan- 
tages over a thinner layer. It is known that thin layers of, 
say, 5 microns in thickness tend to form a large number 
of pores, so that it is sometimes regarded as necessary 
to make the layer at least 40 micrors thick, in order to 
ensure effective protection of the base metal. 

The investigation was carri2d out in three rooms, i.e., 
in a fairly humid, ventilated room, in which a low-tension 
switching installation was accommodated (Room 1) ; 
in a wet room, in which water vapour was present, with 
air contaminated by bivalent sulphur compounds 
(Room 2) ; and in a room kept very wet with ample 
quantities of dripping water, the specimens being pro- 
tected, however, against direct splashing, and with the 
air contaminated by bivalent and quadrivalent sulphur 
compounds and chlorine (Room 3). 

The results obtained in Room 1 may be summarized 
as follows, the various coatings being classified as thin 
(5 to 6p), fairly thick (17 to 20p), thick (35 to 40), and 
very thick (about 80,1) :— 

(1) Thin and fairly thick bright nickel plating became 
useless after 35 days, although bright in appearance, 
with some matte spots and a yellowish tinge. 

(2) Thin and fairly thick dull nickel plating was still 
usable, with a voltage drop up to 3 mV at 100 A, 
after 35 days, but only the thin coatings were usable 
after 97 days, although their appearance was 
practically unchanged, being slightly dull or 
yellowish. 

(3) Thin and fairly thick chromium plating became 
useless after 35 days, although of bright and prac- 
tically unchanged appearance. 

(4) Thin and fairly thick cadmium plating became 
useless after 35 days, and showed a uniform 
greyish-white appearance for the thin coatings, and 
a somewhat darker appearance for the thicker 
coatings. 


(5) Thin and fairly thick bright silver pl: 


ng was 
technically acceptable after 35 days but a 97 
days, thin coatings proved superior to t! 2k coat. 
ings ; the appearance was dull, brownis .-yellow, 

or bluish. 
(6) Very thin dip-tinning was technically a. ceptable 
after 35 and 97 days exposure, the ap earance 


being a dull grey. 

(7) Pickling proved to be useless after 35 days ; the 
appearance was brown, with green and violet 
inclusions. 

Visible corrosive attack was least marked on chrom- 
ium-plated, bright nickel-plated, and dull nickcl-plated 
copper rails. Electrical assessment, however, differs from 
optical assessment in its results. The contact resistance 
of the chromium-plated and bright nickel-plated surfaces 
was high, the reasons being that (1) the resistivity of the 
protective coating of chromium is ten times, and of nickel 
four times, that of copper ; moreover, in the electro. 
deposited state resistivity is frequently appreciably higher 
than in the annealed and rolled condition. This applies 
particularly when non-metallic constituents are intro- 
duced by the electrodeposition process ; (2) the pro- 
tective layer is considerably harder than the base copper. 
The hardness of electrodeposited layers depends on a 
large number of factors in the production process, and 
in most cases corresponds to that of work-hardened 
metals. 

The thicker are the hard layers the less they will 
deform under mechanical load. Thus, the test results for 
Room | showed that only those dull nickel-plated speci- 
mens with a layer thickness of 5 to 6 microns exhibited a 
contact resistance of less than 30 micro-ohms after 35 
days storage. In addition, bright silver plating gave a 
lower resistance with a thin layer than with a thick layer. 

The fact that very soft dip-tinned surfaces showed the 
most favourable behaviour is understandable from the 
above explanation. 

Importance, therefore, should be assigned to the 
mechanical (and not to the electrical) properties of the 
foreign layers and the metal from which they are gener- 
ated. It may be said that contact resistance increases with 
increasing hardness of the protective metal ; with thick- 
ness of the protective metal, from a few microns upwards 
(when harder than the base metal) ; with thickness of the 
foreign layer (in a sulphur-containing atmosphere); and 
with ductility and adhesion strength of the foreign layer. 
The question as to which of these influences finally 
becomes predominant can be decided only experimentally. 

On all the protective layers investigated, foreign 
layers were formed after short or long periods of time. 
Corrosion attack can be so pronounced that thin pro- 
tective layers are destroyed, or the base metal is attacked 
through the pores in the layers. Consequently, as already 
mentioned, it has been suggested that the base metal 
should be covered by protective layers of, say, 40 microns 
in thickness. When this requirement is complied with, 
however, the formation of foreign layers becomes s0 
considerable that the surface contacts become electrically 
useless. Technically usable contact connections have a 
purely metallic contact resistance which is independent 
of current intensity. Foreign layers play practically no 
part in the conduction of current, constricting and 
reducing the electrically conductive contact surfaces and 
reducing the number of transition points which provide 
a flow of current. With foreign layers of increasing 
thickness, the conductive cracks are of smaller size for a 

(Concluded on page 213) 
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The Changes Produced in an Air Stream by Wire Gauze 
By P. Jonas. (From Czechoslovak Journal of Physics, Vol. 7, No. 2, 1957, pp. 202-212, 11 illustrations.) 


This paper gives the results of measurements of the resistance coefficients of five wire gauzes of varying 
mesh, and establishes the empirical dependence of the resistance coefficient on the velocity of the air 
stream and the porosity of the gauze. In addition, the reduction of steady disturbances and of turbulence 
by the gauze, for a large disturbance (30% of average velocity) and a large intensity of turbulence (up to 
20%), was measured. The results confirm the validity of the relations of the theory of Taylor and 
Batchelor for disturbances and for intensities of turbulence of the given order of magnitude. 


Tue use of gauze is at present widespread as a means of 
equalizing velocity and reducing turbulent flow in wind- 
tunnels, and permits the construction of wide-angle 
diffusers, in which the gauze is located, in order to limit 
the separation of flow from the walls. 

Of theoretical papers dealing with wire gauze, the 
most complete appears to be that of Taylor and 
Batchelor.! In the following, the results of measurements 
are compared with the results derived theoretically by 
Taylor and Batchelor for special assumptions, and show 
good agreement, even in more general cases. 


RESISTANCE COEFFICIENT OF WIRE GAUZE 


In this investigation, use was made of wire gauze of 
dimensions d, 4, and /2, as shown in Fig. 1. In most 
cases, /1 = /2, so that the gauze may be considered to have 
asquare mesh of side / = (/1 + /2)/2. 

The porosity of the gauze is defined by a constant B, 
which is expressed by the ratio of the surface of the holes 
to the total surface of the gauze, so that 


r= (4) 


The aerodynamic properties of the gauze are deter- 
mined by two parameters, i.e., the resistance coefficient x 
and the side-force parameter of deviation a in the direc- 
tion of flow on the surface of the gauze. 

In the case of the resistance coefficient x, if it is 
assumed that the air stream, after passing perpendicularly 
through the gauze, has a velocity u and a density p, and 
that the upstream and downstream pressures are re- 
spectively pi and po, then 

x = (pi — p2)/3pu? (2) 
and the resistance coefficient x is a function of velocity u 
and of the gauze constant B. 

With regard to the side-force parameter of deviation 

a, if the air stream strikes the surface of the gauze at an 


angle © from the normal, and the stream leaving the 
gauze is at an angle ® from the normal, 


a= 0/0 (3) 


_ From experiments, there is a finite limit for a, even 
with © 0. Measurements made by Dryden and 


(1) 


| Schubauer? show that, for small values of O and ®, and 
| for values of y higher than 0-7, the following empirical 


relation holds: 
a= 1l/4/1 +x (4) 


_ The experimental arrangement used is shown schema- 
tically in Fig. 2, in which the test section containing at the 


» Point § the frame in which the gauzes are mounted is 


joined to the wide part of the tunnel and the entrance 
cone at ‘he point A, the distance AS being 75 mm. In 


the wal! _of the entrance cone and test section are 
opening or measuring the static pressures po and p2 by 

; Means « micromanometers of the Prandtl and Fuess 
type. T' » dynamic pressure g is measured by a Prandtl 
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tube of 3 mm diameter, located at the point B, the 
distance SB being 90 mm. 

The tunnel constant & for a tunnel without a gauze 
was defined as 


k = q/(po — p2) (5) 


For the wind-tunnel used, k = For calculating 
the resistance coefficient % from the measured values of 
pressures po, p2, and q, the following relation can be 
derived: 


x + 1 = (po — p2)/q (6) 


Measurements were made of the resistance coefficients 
x% of five brass or bronze wire gauzes of the following 
dimensions and gauze constants: 








Gauze No. | 8B 
| | 
1 | 0-500 1-90 | 0-543 
2 0-096 0:20 | 0-270 
3 | 0050 | 0-10 | 0-250 
4 | 0-150 | 0:36 | 0-341 
5 | 0-262 | 0:33 | 0-424 
| | | 





Analysis of the measurements show that the re- 
sistance coefficient x is a function of the gauze constant 
B and the velocity u of the stream, and can be expressed 
as a good approximation in the form 


= FB) | + Fo(B) (7) 


The functions Fi(B) and F2(B) must satisfy the condition 


lim Fi(B) = CO or lim F2(B) = CO 

6—>0 6—+0 
This condition includes the case when there is a non- 
porous piate in the tunnel, i.e., a gauze constant B = 0. 
The dynamic pressure behind the plate is zero; thus, the 
resistance coeffcient according to eq. (2) should increase 
beyond all limits. Another apparent condition is that 
expressing the case when there is no gauze present, i.e., 
a gauze constant B = 1. 


| | 


J lp} 
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2 | 
Fig. 1. Basic dimensions 
of wire gauze used. 


tal 





Fig. 2. Experi arr: t for 
determining the resistance coeffic- 
ient of wire gauze. 

According to the analysis of Taylor and Davies*, the 
functions Fi(R) and Fe(B) can be expected to depend on 
1/62. By plotting the results of measurements, however, 
it was found that, for Fi(B), a dependence on 1/B4 was 
more satisfactory. For the resistance coeff cients x of the 
gauzes used, the dependence established by the author was 
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0-13 1... 7-47 
a= (Ge —0@) | + (Gr —0s7) (8a) 
where u is in m/sec. 

The curves in Fig. 3 show the resistance coefficients x 
of the five gauzes used as a function of velocity u, cal- 
culated in accordance with the empirical relations in 
eq. (8a), the actual measured values of x being indicated 
by circles. On the whole, it can be seen that there is good 
agreement between the empirically calculated results and 
the measured results. 


Oy 
° 
°o 


RESISTANCE COEFFICIENT X 
° 
o 


0 5 10 15 
VELOCITY wu [mJsec] 


Fig. 3. Dependence of resistance coefficient x on velocity of air 


flow u for various wire gauzes. 


A similar analysis was effected of measurements of 
the resistance coefficient ~, compared with the results 
obtained by Taylor and Davies? and by Simmons and 
Cowdrey*. It was found that in both cases the results of 
these measurements can be expressed by a relation similar 
to that in eq. (8a), the resistance coefficient in the case of 
Taylor and Davies being 


0-23 1 0:58 
=) (pee 1-12) -+ Ca: — 0-71) 
x ( Bp B (8b) 
and for Simmons and Cowdrey 
1 1 1 
= 0: — —=— 1} = 1.6 —— | 
xX = 0-233 (5: ); + 0-48 (53 ) (8c) 


As before, good agreement between measured values 
and values calculated from the empirical relations in 
eqs. (8b) and (8c) was obtained. 

From eqs. (8a), (8b), and (8c) it can be seen that the 
empirically determined functions Fi(B) and Fo(B) from 
the three different series of measurements differ from 
each other. It should be noted that the deviation of the 
author's measurements from those of Taylor and Davies 
and of Simmons and Cowdrey is greater than the differ- 
ence between the measurements of these investigators; 
nevertheless, no deviations noted were such that eq. (7) 
could not be used with an approximation which is 
determined by the limited accuracy of measurement and 
the simplified assumptions regarding the actual geometric 
shape of the gauze. Furthermore, it should be pointed 
out that the measurement of the resistance coefficient x 
is very difficult, as it is carried out at small air-stream 
velocities, the dynamic pressure being only a few milli- 
metres w.g.; moreover, it requires determination of the 
gauze constant B with a high degree of accuracy and 
assumes perfect homogeneity of the gauze itself, while the 
presence of dust continually settling on the gauze, the 
experimental arrangement, the sensitivity of the measur- 
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ing instruments, and the quality of the wire used in tig 
gauze all have their effect. The possibility of m: iSuring a 
fundamentally different resistance coefficient y of , 
single large-mesh gauze, with a constant B gre.ter thay 
0-5, is also mentioned by Simmons and Cowdrey', 

In practice, the value of the resistance coc ficient y 
often does not need to be known with particular accuracy. 
in which case a satisfactory approximate relation is ~ 


1 1 1 

x= 015 (5 — 1)\t Los (5-1) (8 
For small values of B, this relation approaches that 
given in eq. (8a), which is based on a larger number of 
measurements of gauzes with small B-values than those 
used for eqs. (8b) and (8c); for large values of f, eq. (8d) 
comes close to the relation in eq. (8c), which is based on 
a larger number of measurements of very porous gauzes, 
The great importance of the exact determination of 
the gauze constant B can be appreciated if, for a given 
value of B with a certain error, the corresponding value of 
the resistance coefficient x is determined from egs. 
(8a), (8b), (8c), or (8d). Thus, for example, if there is an 
error of 5% in determining a value of B of 0-5, it will be 
found that the error in calculation of x from eq. (84d), fora 

velocity u of 10 m/sec, will be 14-4%. 





REDUCTION OF LARGE STEADY DISTURBANCES BY A WIRE 
GAUZE 


If a co-ordinate system is introduced, in which the 
positive x-axis is in the direction of the normal to the 
surface of the gauze along the flow, and the y- and z-axes 
are located along the surface of the gauze, the longitudinal 
fluctuation of velocity is assumed by Taylor and Batchelor 
to be far upstream from the gauze in the special form 
u = U1 Cos py, and far downstream from the gauze (along 
the stream) in the form u = ue cos py. For attenuation in 
the longitudinal fluctuations of velocity, they obtain 


wim = (l+a—axy)/(l+a+yx) .. ae (9) 


The attenuation in lateral fluctuations of velocity, 
i.e., v, Wi, v2, and we, for a disturbance of the general 
form on the basis of eq. (3) and on the assumption of 
small disturbances, is, according to Taylor and Batchelor, 
given by the relation 


(10) 


For the purpose of carrying out measurements, the 
source of large disturbance was a cylinder, 20 mm in 
diameter, located in the air flow at the point A (Fig. 4). 
The deviations in mean velocity in the wake of the 
cylinder from the mean velocity of the undisturbed flow 
constituted a large disturbance which attained up to 
30% of the velocity of the undisturbed flow. The dis- 
turbance was measured at the point B, first without a 
gauze and then with a gauze located at the point S for the 
same air-stream velocity. 

Fig. 5 shows the dependence of ue2/u1 on the resistance 
coefficient x, the circles denoting the measured values and 
the solid curve the theoretical values derived from 


vg = @v, and we = aw, 
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eq. (9). The dotted curves give, for purposes of compari- 
son, the relations for the reduction of disturbance 
derived by Prandtl5 and by Collar®, Prandtl’s relation 
being 


(1 + x) (11) 


u2/u. = 
and Collar’s relation 


uel = (2— y/(2 + x) (12) 
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Taylor and Batchelor have proved that there are 
special cases of the more general relation given in eq. (9) 
which are derived from assumptions valid only in such 
cases. However, the measurements show that eq. (9) is 
quite valid, even for fairly large disturbances, the dis- 
turbance velocity upstream from the gauze being up to 
30% of the velocity of the undisturbed flow. The wide 
variation of the measured results, compared with the 
theoretical values, for x<0-7 is explained by the in- 
validity of eq. (4) below this limit. From the measure- 
ments and the theoretical analysis, it follows that a 
gauze with a resistance coefficient x of about 2-8 reduces 
the disturbance almost completely. 


THE EFFECT OF WIRE GAUZE ON TURBULENCE 


Taylor and Batchelor have extended their considera- 
tions of the attenuation of small steady disturbances to 
unsteady disturbances, i.e., turbulence. They do not 
consider turbulence in general, but assume it to be homo- 
geneous far upstream and such that the r.m.s. velocity of 
fluctuation is small, compared with the mean flow 
velocity; furthermore, they neglect the effect of viscosity. 
Taylor and Batchelor have derived expressions! for the 
reduction in energy p of longitudinal fluctuations, and 
for the reduction in energy v of lateral fluctuations. In 
addition, they limit themselves to isotropic turbulence, 
and consider the three-dimensional energy spectrum 
function of the oncoming turbulence, obtaining the 
relations 
po + @ — ax)? + 202 ; (1 + a — ax)? — 4a? 
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measurements of the longitudinal component of 
ilence in the wake of a cylinder, the arrangement 
; Similar to that shown in Fig. 4. The measure- 
owed that the intensity of the longitudinal com- 
ponent: of turbulence varies only slightly with distance 
downst. -am from the cylinder, provided that they are not 
taken t 4 close to the cylinder. 
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RESISTANCE COEFFICIENT X 


Reduction of steady disturbance u /u, as a function of the 


Fig. 5. b ’ 
resistance coefficient x of wire gauze. 


The reduction in the total energy of the longitudinal 
component of turbulence is calculated from the inten- 
sities of the longitudinal components measured for the 
same mean velocity of the air stream behind the cylinder, 
first with gauze at the point S and then without the gauze. 
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wee 6 shows a comparison of the measurements 
(indicated by circles) with the theoretical relation for the 
reduction of longitudinal components of turbulence from 
eq. (13). It will be noted that there is good agreement 
between the measured and theoretical values, even when 
the turbulence was neither small nor isotropic in the wake 
(the measured intensity of turbulence was up to 20% 
in front of the gauze), as was assumed by Taylor and 
Batchelor. 
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New Developments in Silicone-Rubber Compounds for Extr ided 


Electrical Insulation 


By M. G. Nose. (From Wire and Wire Products, Vol. 32, No. 2, February 1957, pp. 170, 172-175, 
216-217, 6 illustrations.) 


Silicone rubber is finding increasing acceptance as an insulation material. 


In this paper, after 


briefly summarizing major applications illustrating certain fields in which silicone rubber is currently 
active, details are given of recent developments in silicone-rubber technology and of some fundamental 
data on physical and electrical properties, based on a current test programme. 


ALTHOUGH military applications, e.g., shipboard cable, 
ignition cable, and aircraft wire still account for the 
largest volume of extruded insulation, there can be no 
foubt that civilian applications are also increasing in 
number, despite the fact that the higher material cost of 
silicone rubber has been a deterrent in the extremely 
competitive commercial fields. Among other reasons for 
this trend towards silicone rubber are the fact that 
other materials may be unsuitable because of operating 
conditions ; that redesign may offset differences in mater- 
ial costs ; that its cost is lower than that of satisfactory 
alternative high-temperature insulating materials ; that 
compounds with improved properties have been de- 
veloped ; that there is now a more widespread knowledge 
of its inherent properties ; and that its longer service life, 
improved performance, and reduced maintenance require- 
ments justify the higher initial outlay. 

The polymer is the most important factor in deter- 
mining the overall performance of silicone-rubber com- 
pounds, and is responsible for such fundamental pro- 
perties as heat resistance, low-temperature flexibility, 
corona and ozone resistance, etc. Recent developments 
have given rise to improvements in the basic polymers, as 
a result of changes in composition and/or polymerization 
and processing techniques. These new polymers have 
resulted in compounds possessing such qualities as 
reduced shrinkage during oven curing, reduced com- 
pression set when subjected to loads at elevated temper- 
atures, and improved physical properties. In addition, 
they have made possible the development of conducting 
silicone-rubber compounds, have contributed improved 
handling qualities to the uncured silicone-rubber com- 
pound, have reduced oven-curing cycles, and have engen- 
dered new vulcanization techniques. Furthermore, these 
improvements have been obtained without any sacrifice of 
the fundamental characteristics possessed by silicone- 
rubber compounds in general. 

Similarly, developments of new fillers have resulted 
in compounds with appreciably improved physical pro- 
perties, providing significant increases in such important 
features as tensile strength, elongation, and tear strength. 
Outstanding improvements have also been obtained in 
electrical properties. Thus, the development of such 
fillers as fumed silica has resulted in a ten-fold increase in 
insulation resistance, coupled with lower dielectric-con- 
stant and power-factor values, while low water-absorption 
qualities have led to stability in electrical properties, 
even when these compounds have been subjected to pro- 
longed immersion in water. 

As a result of proper filler selection, heat resistance 
has been extended. Thus, compounds are now available 
which show very little change in physical properties after 
ageing at 150°C for six months, while flexibility can be 
maintained even after exposure for six months at temper- 
atures as high as 210°C, or for shorter periods at 315°C. 
At the same time, new filler and polymer combinations 
have yielded compounds with greater strength in the 
uncured state, providing better handling qualities during 
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freshening and extruding operations. Flow qualities 
have been improved and have permitted the extrusion of 
thin-walled insulation, while surface qualities are better, 
and the shelf stability of the uncured compound has been 
extended. However, in the overall field of processing 
qualities, it should be realized that there is room for still 
greater improvement. 

With regard to the influence of vulcanizing agents, 
benzoyl peroxide has long been the main vulcanizing 
agent used with silicone-rubber compounds, and is an 
excellent curing agent for extrusion applications where 
the fabricated part is to be cured under steam pressure, 
However, recently developed curing agents, such as 
bis (2, 4-dichlorobenzoyl) peroxide, dicumyl] peroxide, 
and ditertiary butyl peroxide, have made it possible to 
develop new and improved processing techniques. Asa 
result, it is now possible to cure wire insulated with 
silicone rubber by the continuous hot-air process, even 
with heavy wall thicknesses. In addition, the curing of 
conducting carbon-black compounds has been made a 
practical proposition for production purposes, while a 
much-needed flexibility has been introduced into the 
processing of silicone rubber. It should, however, be 
made clear that, despite these various improvements, it 
has not as yet been found possible to incorporate all of 
them in a single compound. Hence, careful selection is 
still required to obtain the proper compound for a specific 
application. 

Considerable data have been collected over the past 
few years on the fundamental properties of silicone 
rubber. The following data in this paper, representing 
the latest information collected on the subject, are based 
on tests carried out by the General Electric Laboratories 
in the U.S.A. on three compounds, designated SE-972, 
81625, and 81686, the first of these consisting of SE-76 
silicone gum with a diatomaceous-earth filler and benzoyl 
peroxide as the curing agent, the second SE-30 silicone 
gum with a filler of fumed silica and diatomaceous earth 
and benzoyl peroxide as the curing agent, and the third 
SE-33 silicone gum with a fumed-silica filler and bis 
(2, 4-dichlorobenzoyl) peroxide as the curing agent. 

Of these three compounds, SE-76 and SE-30 are 
methyl silicone polymers, the major difference being that 
compounds based on SE-30 have lower shrinkage char- 
acteristics than those based on SE-76. The General 
Electric SE-33 silicone gum is a low-shrinkage methyl 
silicone containing a small amount of unsaturation. 


TESTS ON PHYSICAL PROPERTIES 


As a result of new gum and filler combinations, sub- 
stantial improvements in such typical properties as 
elongation, tensile strength, and tear strength have been 
achieved, as shown in Tables I, II, and III. In fact, com- 
pounds are now available which can be cured to give 
tensile strengths of 1200 to 1500 psi, elongations of 400 
to 600°, and tear strengths of 150 to 200 Ib in. 

It should be noted that physical properties are a 
function of curing temperature and time. The greatest 
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Taste 1: PHYSICAL PROPERTIES AFTER CURING FOR I HR AT 150°C. 
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| SE-972 | 81625 81686 
| | 
Durometer 65 
Elongation [%] | 500 
Tensile strength —_—_ [psi] 630 1400 
Tear strength = —[Ib/in.] 200 





TasLe Il: PHYSICAL PROPERTIES AFTER CURING FOR 24 HR AT 150°C. 











| SE-972 | 81625 | 81686 
Durometer 70 60 70 
Elongation § [%] 100 200 450 
Tensile strength [psi] 750 900 1400 
Tear strength [Ib/in.]} 45 70 165 








Taste I: PHYstCAL PROPERTIES AFTER CURING FOR 24 HR AT 250°C. 








| SE-972 | 81625 | 81686 
Durometer Ss | 65 80 
Elongation [%] 7 it as 220 
Tensile strength [psi] 800 | 750 900 
Tear strength [Ib/in.] 50 70 110 





improvements have been achieved in compounds when 
they have been cured at relatively low oven temperatures. 
These new compounds show decreases in tensile strength, 
congation, and tear strength with increasing oven 
temperature and curing times. However, even after 
24 hr at 250°C, it has been found that benefits have 
been obtained in the form of higher retained values. 

The question of the correct oven cure is one which 
must be related to the final application. As a rule of 
thumb, it is wise to cure the wire at a temperature equal 
to or slightly higher than the maximum temperature to 
which it will be exposed in service. With the exception of 
highly specialized applications, a short exposure time 
(1 to 6 hr) is all that is required. In many wire applica- 
tions, the insulation can complete its cure while actually 
inservice. In such cases, the oven cure may be eliminated 
or confined to relatively low temperatures (up to 150°C), 
resulting in optimum physical properties. 


| Effect of High-Temperature Oven Ageing :— 


With regard to the question of maximum continuous 
service temperatures for silicone rubber, tests are in pro- 
gress at the General Electric Laboratories to determine 
the effects of long-time exposure to 150 to 210°C on 
physical properties. These tests have been under way for 
more than six months, and will be continued for several 


TABLE IV: EFFECTS OF OVEN AGEING AT 150°C AND 210°C. 























81625 | 81686 
Elong- | Tensile Elong- | Tensile 
ation | strength ation strength 
[%] | (psi) (%] | [psi] 
1 day at 150°C 175 | 900 450 | 1400 
| month at 150°C 160 900 275 1200 
2 months at 150°C 150 900 275 1150 
4 months at 150°C 150 850 stiil in progress 
6 months at 150°C 150 850 still in progress 
I day at 210°C 150 900 325 1200 
1 month at 210°C 130 900 200 950 
{months at 210°C 130 950 125 850 
Hencenerin at 210°C 100 1000 still in progress 
months at 210°C 80 1100 still in progress 
ee. 














TaBLE V: Ev ECTRICAL PROPERTIES AFTER CURING FOR 24 HR AT 150°C. 
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SE-972 | 81625 81686 
yolume resistivity [ohm-cm] | 5 x 10% | 1 x 1015 | 1 x 1016 
pecttical s:- sagth [V/mil] 500 
Dielectric c astant (60 cps) 3°4 31 30 
Ower fact (60 cps) [%] 0°38) 0°35 O15 
——e 
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years, or longer, if necessary. The results to date no 
materials 81625 and 81686 are given in Table IV. 

With both materials, flexibility was satisfactory, but 
the results for four months and six months, in the case of 
material 81686, are not yet available, as this product is 
new and has only recently been incorporated in the 
test programme. However, the ageing data obtained over 
two months with this compound indicate that it will not 
be equal in overall ageing properties to material 81625, 
which has demonstrated excellent stability at 150°C. As 
was only to be expected, depreciation in properties has 
been accelerated by oven ageing at 210°C; however, 
appreciable elongation and very good flexibility were still 
retained even after ageing for six months. 


TESTS ON ELECTRICAL PROPERTIES 


In addition to improvements in physical properties, 
particularly in the case of material 81686, improvements in 
electrical properties have also been noted. The fundamental 
electrical properties of the three test compounds after 
curing for 24 hr at 150°C are listed in Table V, and it will 
be observed that volume resistivity has increased appre- 
ciably, while improvements in dielectric constant and 
power factor are also noteworthy. 
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Fig. 1. Volume resistivity as a function of ambient temperature. 

The influence of ambient temperature on volume 
resistivity has been covered in several previous papers, and 
it has been established that the volume resistivity of 
silicone-rubber compounds varies inversely with ambient 
temperature, as is typical of other insulating compounds. 
The same trend has been observed with these newer 
formulations, the volume resistivity of which, as shown in 
Fig. 1, decreases with increasing temperature; insulating 
qualities are, however, still retained, even at 250°C, 
volume resistivity for the three test compounds ranging 
between about 5 x 101! and 1 x 10!? ohm-cm at this 
temperature. 

The influence of prolonged immersion in water at 
room temperature (23°C) and at 70°C on dielectric con- 
stant is shown in, Fig. 2, and on power factor in Fig. 3. 
It will be seen that all three compounds show very good 
stability after immersion for 60 days in water both at 23° 
and 70°C. These tests are being continued, to determine 
the effects of longer immersion times. 

The influence of thickness on electrical strength must 
always be taken into consideration. In this connection, 
tests have been instituted on a number of compounds, 
including the three test compounds, test thicknesses 
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Fig. 2. Dielectric constant (60 cps) as a function of duration of 
immersion in water (a) at room temperature, and (b) at 70°C. 


varying between 20 and 500 mils. As a result, it is con- 
cluded that the electrical strength in volts per mil de- 
creases with thickness independently of the silicone- 
rubber formulation. The decrease in electrical strength 
with increasing thickness, for materials SE-972, 81625, 
and 81686, can te plotted as a smooth curve (Fig. 4). 


Voltage Endurance Tests:— 

Although it is recognized that the ozone resistance of 
silicone rubber at normal temperatures is excellent, the 
question may arise as to the effects of high ambient 
temperature on ozone resistance. As it was considered 
that an answer to this question is extremely important, a 
test programme was initiated in the G.E. Laboratories, 
and, although this programme is not yet completed, some 
preliminary results are of interest. 

The test specimens used are short lengths of insulated 
wire, comprising a No. 20 a.w.g. (about 22 s.w.g.) copper 
conductor insulated to a nominal diameter of 0-120 in. 
with a number of different compounds. The samples are 
wrapped helically around a 0-295-in. mandrel, so as to 
subject the outer surface of the insulation to an elonga- 
tion of approximately 25%. The wrapped samples are 
then inserted into stainless-steel tubing of 0-625 in. i.d., 
and the supporting mandrels are removed. Steel tubing 
was selected because preliminary tests with 40-mesh 
screen electrodes resulted in too rapid a removal of 
degradation products by the air circulating in the oven. 
Ceramic bushings are inserted into the ends of the tubing 
to prevent edge breakdown, and lead lengths of 5 in. are 
used to avoid flash-over at elevated temperatures. The 
test assemblies are then placed in a high-temperature oven 
and subjected to a potential of 10 kV, this stress being 
selected because it represented about 50% of the average 
breakdown voltage for the test specimens. 

Up to the present, these samples have been under 
test for 100 hr at a temperature of 250°C, without any 
signs of corona erosion or stress-cracking, the only 
noticeable change being a progressive hardening of the 
silicone-rubber insulation. Relative resistance to harden- 
ing is being studied by means of ultimate elongation 
measurements. This property was chosen because it was 
felt that there is a correlation between elongation and 
stress-cracking under flexing conditions. A value of 
75% elongation was selected as the erd-point for indi- 
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Fig. 3. Power factor (60 cps) as a function of duration of immersion 
in wa‘er (a) at room temperature, and (b) at 70°C. 
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Fig. 4. | Influence of thickness on electrical strength. 


cating failure. Only one compound, i.e., SE-972, has 
become so hard as to break down electrically. This com- 
pound has relatively poor heat-ageing qualities, and heat 
ageing is accelerated by these test conditions. Materials 
81625 and 81686 have approached the 75% elongation 
after exposure for 100 hr, so that these tests have been 
discontinued. The next step in the programme calls for 
determination of endurance life at 200°C. When these 
points have been established for the various compounds, 
consideration will be given to obtaining similar data at 
lower temperatures. 

These test conditions are so severe that organic-rubber 
insulation would fail in a few minutes, even when tested 
at room temperature. Consequently, the limited data so 
far available tend to indicate that the ozone resistance of 
silicone rubber at temperatures as high as 25€°C is still 
very good. It is, however, recognized that moisture, sur- 
face contamination, degree of stress, and other variables 
which might be encountered in service and which are not 
taken into account in this test programme might influence 
the performance of a cable under a specified set of 
conditions. 
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Dynamic Tooth Forces 


By G. NIEMANN and H. Rettic. (From VDI Zeitschrift, Vol. 99, No. 3, January 21, 1957, pp. 89-96, 
and No. 4, February 1, 1957, pp. 131-137, 54 illustrations.) 


In the course of gear design, difficulties have arisen in the 
application of the results of measurements on existing 
gears and of gear tests to new conditions, owing to doubts 
about the appropriate dynamic incremental load. Experi- 
ence shows that for many cases the existing methods of 
calculation !-> do not apply. 

The object of this research, therefore, was to measure, 
at the teeth of rotating and loaded steel gears, the actual 
tooth forces and in particular their dependence on impor- 
tant variables. The effects determined, i.e., those of 
pitch-line velocity, tooth error, static load, tooth spring 
constant, mass, etc., form the basis of a closer predic- 
tion of the dynamic increment load. 


Test RIG AND MEASURING TECHNIQUE 


The test rig (Figs. 1 and 2) consists of an enclosed 
gearbox in which the test and drive gears are carried on 


























1450mm 
Q 


0 


Fig. 1. Gear-loading test rig. 
(a) Test gears; (b) transmission gears; (c) drive motor; (d) loading 
coupling; (e) loading lever; (f) additional shaft spring; (g) bearing; 
(h) torque meter; (i) synchronization pick-up; (k) tooth-position 
pick-up; (F) defective gear; (M) measuring gear. 
solid or hollow shafts. With the rig stationary, a known 
torque, applied by means ofa lever and weights, is locked in- 
to the system at a loading coupling, this torque being the 
static torque on the gears. The trunnion-mounted driving 
motor is fed from a Ward-Leonard set and is steplessly 
variable between 0 and 2500 rpm. To per- 
mit alteration of the spring constant of 
the shafts, interchangeable coil springs 
f (Fig. 1) are fitted, and for alterations 
of polar moment additional masses fand 
g (Fig. 2) can be added to the test gears. 
To measure tooth deflection, an in- 
ductive measuring technique was chosen 
because the pick-ups used are very 
small, easily calibrated, free from fric- 
tion, and exert no restraints. In addi- 
tion, their sensitivity is sufficiently high 
for the evaluation of small tooth loads, 
they are only slightly temperature- and 
oil-sensitive, and their mechanical reson- 
ant frequency is high enough for vibra- 
tions as high as 4000 cps to be measur- 
able with a bridge carrier frequency of 
20 kes. 
For static measurements, the pick-up 
shown in Fig. 3 was used, the gauge 
length being 10 mm. For dynamic 


inductively, was developed (Fig. 4), which was 
free from the effects of friction, tilting, and temper- 
ature, a being the armature attached to the tooth tip. 
Both pick-ups have an armature pin, attached to the 
tooth tip, which moves in the magnetic field of two coils. 
The coils form the arms of a measuring bridge, energized 
by a crystal oscillator, and the system transforms the 
tooth movement to be measured into an electrical 
quantity. The calibration curves for the system are linear 
for a displacement of about + 35 py. The inductance 
variations at the pick-up are displayed on a cathode-ray 
or a mirror oscillograph®. 

To obtain interference-free and reproducible deflec- 
tion diagrams, the pick-up output must be transmitted 
without disturbance from the rotating gear to the measur- 
ing bridge.” For this purpose, a large number of contact 
pairs was tried, and mercury in chromium-plated steel 
grooves with rotating copper-amalgam brushes was 
found to be good, as also were silver slip-rings with 
silver-graphite brushes. Tooth marker signals and 
triggering pulses for additional time and position markers 
on the oscillograph record were obtained inductively’. 


RESULTS OF STATIC TOOTH-DEFLECTION MEASUREMENTS 
To interpret dynamic measurements on a tooth of a 
rotating gear in terms of load, the relation between load 
and tooth deflection as a function of tooth position must 
be known. Accordingly, the elastic tooth deflection w 
of a pair of gears for constant static normal tooth load P 
was measured for numerous points along the path of 


contact (in increments of 0-5 deg. of tooth rotation) with 
the strain gauge shown in Fig. 3. The deflection w was 
also calculated as a check from an approximate equation 
derived by Weber?. 

The results are presented in Fig. 5 as the elastic 
deflection wWiot of the point of application of the load P as 
a function of mean contact length, or mean angle of gear 


rotation, in both directions. For the theoretical values, 
the elastic Hertzian compression of the tooth flanks was 
also taken into account. 


Fig. 2. Test gearbox used in test rig. 


measirements, a special tooth-deflec- ©) Measuring gear; (b) sneatihag gear; (c), (d) transmission gears; (e) slip-rings; (f), (g) ad- 


tion measuring device, also working 
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ditional gear masses; (4) synchronization pick-up; (i) tooth-position pick-up; (k) tooth- 


displacement pick-up. 
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Fig. 3. Inductive strain gauge for measurement of static tooth 
deflection. 


(a) Armature; (6) mountings (spot-welded to testpiece); (c) differen- 
tial coils; (d) pin for zero ao non-magnetic case; (f) iron 
t 


It can be seen that, in the region of single tooth 
contact, there is good agreement between measurement 
and calculation. In the zone of double tooth contact the 
measured rise or fall of tooth deflection is less steep than 
that calculated®. Further static measurements on tooth 
pairs with positive and negative base-pitch errors show 
that, as expected, a projecting incorrect tooth flank carries 
the load by itself along a greater part of the contact path. 
Consequently, the load is applied at a higher level on the 
tooth which undergoes greater deflection (larger bending 
moment). At the same time, the load on the preceding 
and following teeth is reduced. If the flank is too low, the 
opposite effects occur. Moreover, it has been found that, 
with incorrect tooth flanks, the 
transfer of load from one tooth 
to the next is more sudden than 
for error-free teeth. 
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Fig. 4. ° Inductive measuring device on the test 
gear for measurement of dynamic tooth deflection. 


With increasing positive tooth error, the range in 
which the defective tooth carries the load has been found 
to extend still further, so that, say, with a pitch error f. 
of 160 1, the actual contact ratio of the tooth becomes 
Ew = 2:08, whilst the theoretical contact ratio ¢ (with f. = 
0 and P = 0) is only 1-57; in the same way the value of 
Ew of the preceding and following teeth is reduced. For 
tooth flanks with negative errors, €» is reduced in the 
same way as above for preceding and following teeth, 
even in some cases to the extent of complete exclusion of 
the tooth from contact. 

The effect of tooth load P (expressed in kg per cm of 
tooth width) on the variation of tooth deflection wo, and 
On € » is shown in Fig. 6, in which each scale division 
on the abscisse corresponds to 2 deg. of rota- 
tion of the measuring wheel. With increasing load 
Ew increases, e.g., from 1°65 for zero load to 2°12 for a 
static load P of 1885 kg/cm. With increasing load P 
(increasing € ~), the beginning of single tooth contact is 
displaced, so that the maximum leverage and hence the 
ratio w/P become smaller. 

Based on the present work, the following empirical 
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expression has been established for the true ~ dntact 
ratio €y of the incorrect tooth flank: 


bo mee + oe x V/Plec+fe .. : (1) 
te 

where P = specific normal tooth load [kg/cm]; f. = base 
pitch error [1]; c = tooth spring constant per cn: tooth 
width = 10°8 kg/cm up for tests with 20-deg. standard 
teeth; ¢ = theoretical contact ratio for fe = 0 and P = 
0; and te = base pitch [mm]. 
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Fig. 5. Measured and theoretical tooth deflection w-.: as a function of 
contact path and angle of rotation, with a static load P of 143 kg and a 
pitch error /. of less than Sy. 
Each scale division on the atscissa represents 2 deg. 
(A), (C) Theoretical double tooth contact. 
(B) Theoretical single tooth contact. 
(C) Theoretical total contact length. 

(a) Estimated tooth deflection at the point of application of the 
strain gauge, taking into account the load distribution. 

(b) Measured tooth deflection at the gauge. 

(c) Tooth deflection at the point of contact, without Hertzian 
compression. 

(d) Tooth deflection at the point of contact, with Hertzian com- 
pression. 

(e) Estimated tooth deflection at the point ot contact, with Hert- 
zian compression, for a constant load P on the measuring tooth. 

(f) Estimated tooth deflection at the point of application of the 
strain gauge, without taking into account load distribution, for 
a constant load P on the measuring tooth. 

(g) Estimated tooth deflection at the point of contact, without 
Hertzian compression, for a constant load P on the measuring 
tooth. 

Test gears:—30 teeth; 20-deg. eee ae 3-mm module; 
addendum modification factor = 0-261 


The increase (s~ — &) of the contact ratio is at the 
same time a measure of the premature contact of the tip 
of the unloaded following tooth (tip interference). From 
this, the flank relief k needed to avoid interference can be 
calculated as 


k = Plec+fe sg ae , (2) 


VARIATION OF TOOTH ERRORS WITH RUNNING TIME 


During the preliminary work, it became evident that 
tooth error did not remain constant. Special tests were 
therefore made to determine how the error varied with 
running time. Fig. 7 shows how the true contact ratio 
€w decreases with the number of tooth engagements. This 
is consequent on the decrease in tooth error arising from 
sliding wear and impact at the initiation of contact of the 
incorrect tooth. A steady value is reached after about 
four to five million load cycles. The final reduction 
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ANGLE OF ROTATION OF MEASURING GEAR 
Fig. 6a. P = 196 kg. 











ANGLE OF ROTATION OF MEASURING GEAR 
Fig. 6c. P = 1885 kg. 
Fig. 6. Measured tooth deflections w,o: of preceding tooth, test tooth, 
and following tooth, with various loads P and a pitch error f less than Su. 
PRECEDING FOLLOWING (A) Single tooth contact. (B) Theoretical total contact length. 


— baie: and various tooth forms (different pressure angles). 
The results of oscillographic records show that the 

way in which the tooth deflection changes in these records 

corresponds in general to a damped forced vibration, 

excited at the tooth frequency by impacts at the start of 

tooth contact, and in other cases to a damped natural 

' vibration of frequency vg arising from the forced vi- 

\ bration!!, The natural vibrations and their amplitudes 

! become more evident as the load decreases and the tooth 

error and gear mass increase, whilst with increasing load 

and smaller error the natural vibrations tend to disappear. 

In the deflection records with prominent natural 

frequencies the vibration frequency vz for tests on teeth 

' with a nominal pressure angle of 20 deg., in normal gear- 
wheels, was about 2400 to 3000 cps and with additional 
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Fig. 6b. P = 503 kg. 

d5f- in the initial error fe is considerably greater for large 
tooth errors than for small errors. For hardened teeth 
the residual error is about fer < f-2/3, depending on the 
load. Several spot tests were also made with a hardened 
defective gear meshing with a grey cast-iron gear. How- 
ever, the reduction in error was in this case much smaller, 
so that it appears that additional tests with different pairs 
of material are necessary. 

The wear! along the incorrect tooth flank and the 
mating flank of hardened gears after various running 
times is shown in Fig. 8. 


TRUE CONTACT RATIO €w 
aw -_ ~ ~ nN 
a re) Oo - nN 


~ 


RESULTS OF DYNAMIC TOOTH-DEFLECTION MEASUREMENTS 


For measurements on loaded rotating tooth pairs the 6 
directions of rotation were so chosen so that the initiation 0 | 2 3 4 vine 
of coniact was at the tip of the measuring tooth and at the REVOLUTIONS (LOAD CYCLES) OF PI 
root c: the incorrect tooth. The deflections at the pick- Fig. 7. Reduction of true contact ratio <w of incorrect tooth flanks 

d ; . with increasing running time, for different base-pitch errors /.. 
up durvng the load cycle were recorded by an oscillograph Theoretical contact ratio ¢ before test = 1-65. Hardened gears 
with t-spect to time at each load for a range of speeds of (60 Rockwell); load ab 503 kg/cm. ; ‘a oii 

( i a fe< Sin 1450 rpm. (c) < 120 ;a= rpm. 

about 0 to 2000 rpm. The same tests were run with (b) = @ is — setom. (d) f. — 120 :m = 2300 1pm. 
additi »al rotating masses, with different tooth errors, ; (e) fe < 160 ;n = 1450 rpm. 
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Fig. 8. Variation of wear along the flank of the incorrect tooth and the 
flank of the meshing tooth after various running times. 
Base-pitch error f on one tooth = 1601. nm = 1450 rpm. 

Hardened gears (60 Rockwell); load P = 503 kg/cm. 


(a), (a’) Condition before running. (d), (d ) After 14 hr. 

(6), (b’) After 2 hr. (e), (e) After 24 hr. 

(c), (c’) After 8 hr. Cf), Uf) After 37 hr. 
masses about 240 to 300 cps. The natural frequencies of 
the torsional system of gear masses and tooth elasticity 
are of the same order, so that the frequencies vz deter- 
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Fig. 9. Diagrams for the determination of tooth load P, root stress c, 
and contact pressure K of the measuring tooth from the amplitude A 
of the oscillographic records, with the aid of a tooth deflection A) for a 
constant load P on each tooth. om 
The position of the pitch point relative to the tooth-position marker 
on the oscillographic records is given by / . 
The horizontal line of contact is the abscissa in aus (a), (6), 
and (c). The test gears are the same as in Fig. 
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mined from the deflection records are to be reg. rded as 
vibrations of this system. 

A change in the curve of tooth deflection car. also be 
detected by the gear noise. A purer note correspo:ids to a 
simpler form of the record and a hammering o: rattling 
noise of the tooth flanks to a premature returii of the 
deflection to zero, followed again by a rise!2. 

For the calculation of tooth load, root stress, and 
contact pressure from the tooth deflection A, the following 
quantities were evaluated for every tooth form tested, 
these being expressed as ratios plotted against the 
appropriate contact point along the path of contact 
(Fig. 9). 

(1) The tooth deflection amplitude Apo [min] for 
constant tooth load Po [kg/cm]. The ratio Ao/Po is 
shown in Fig. 9a. 

(2) The tooth root stress 69 = Po (q/m) cos a [kg/mm?] 
of the measuring tooth®, the parameter q corresponding 
to the appropriate tooth position. Fig. 9b shows the 
ratio Ao/oo = (Ao/Po) (m/q) cosa where m = module 
[mm]. 

(3) The contact pressure Ko = Po/2 [kg/mm] on the 
tooth flank!%, where @ is the effective radius of curvature 
at the point of contact. Fig. 9c shows the ratio Ao/Ky = 
(Ao/Po) 29. 

For each value A on the tootk-deflection record 
(e.g., Amax in Fig. 9d, the appropriate tooth load follows 
from these values by means of the equation 


- A 
a oe 


the stress o from 


o = 5 — [kg/mm2] 


and the contact pressure on the tooth flank from 
KO K, [ke/mm*] a ee IG) 


It should be i that, as a result, the farther to the 
right that A occurs on the record, the larger is the value 
of P, o, and K given by a constant value of A. Care was 
therefore taken during the interpretation of the records to 
use those values of A which gave maxima for P, o, and K. 


(To be concluded) 
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Accelerated Fatigue Testing of Plastics 


By L. S. LAzar. 


WuEN considering the potential applications of plastics, a 
serious problem is that of changes in their strength with 
time. A material may, for instance, fracture, sometimes 
catastrophically, under an alternating stress of only 25% 
of its ultimate strength after being subjected to these 
vibrational stresses for long periods. Fatigue, therefore, 
often determines the life of a plastic material in various 
applications. 

The classical Wohler method of determining fatigue 
involves stressing a number of specimens at various con- 
stant alternating stresses to failure or to an arbitrarily 
chosen number of stress cycles, i.e., the S-N diagram. 
Such data are usually highly scattered, and the S-N plot 
involves the problem of treating samples which fracture, 
together with those which endure the arbitrarily chosen 
number of cycles. These phenomena often occur at the 
same stress level. This means of interpreting fatigue 
requires rather extensive statistical analysis and is ex- 
tremely time-consuming. 

In 1948 Prot! reported a new accelerated technique 
for predicting fatigue limits. This method, the Prot 
progressive loading method, has been anvraised by many 
investigators?—® to establish its reliability in predicting 
the fatigue limits of metals under rotating-beam fatigue 
conditions, and the work described in this paper is an 
appraisal of the validity of this accelerated method, using 
plastics under rotating and non-rotating fatigue con- 
ditions. 

In the application of the Prot method, a low stress is 
placed upon the sample initially, and this stress is steadily 
increased during the test until failure occurs. While the 
applied stress is below the endurance limit of the material, 
no fatigue damage will occur. Fatigue will take place 
only when the applied stress equals or exceeds the endur- 
ance limit, a feature of the Prot technique being that no 
prior knowledge of the endurance limit is required. 

Extruded polymethyl methacrylate and pcly-tyrene 
were chosen as the first materials to be studied, sinc: they 
are not only simple polymer systems but also offer the 
advantage of ease of machining and handling. They are 
thermoplastic materials which are non-crystalline and, 
after machining and polishing, offer a practically scratch- 
free surface. Since they are transparent, the observation 
of cracks as they form in the process of fatigue is 
facilitated. 

Since highly crystalline nylon is used in so many 
applications where fatigue is the life-determining property, 
itwas chosen as the third material. It is also the first small 
step taken in going from simple non-crystalline polymers 
to more complex systems. The nylon used was commer- 
cial rod stock. 

The investigation was limited to }-in. round speci- 

mens, machined radially to provide a minimum thickness 
at the centre. The samples were carefully polished to 
eliminate vertical scratches or machine marks, and any 
scratches on the surface were longitudinal, in accordance 
with ASTM recommendations.’ 
_ All the rotating-beam fatigue data recorded in this 
investigation were obtained by rotating the samples under 
Stress on a Moore-type reversed pure-bending fatigue 
machine. Since the bearing housings were too heavy to 
permit use of the machine for testing plastics, counter- 
balances were employed to nullify any stress effects 
occasioned by these housings. 

As in the Prot method, samples must be alternately 
MAY, 
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(From ASTM Bulletin, No. 220, February 1957, pp. 67-72, 16 illustrations.) 


stressed at various linear rates of increase of stress, this 
was accomplished, in the case of tests on polymethyl 
methacrylate, by adding lead shot to a container on the 
loading yoke. In the work on polystyrene, progressive 
loading was carried out automatically, using a spring 
scale loaded by a screw device driven by variable-speed 
gears. The problem of axial progressive loading was 
much more difficult, but was solved by means of a 
specially modified Sonntag fatigue machine, in which the 
oscillator for progressive loading utilizes the centrifugal 
force of three unbalanced masses to generate a sinusoidal 
alternating force, which is steplessly variable from zero 
to + 1000 lb. 


EXPERIMENTAL RESULTS 


In the tests on polymethyl methacrylate, the usual 
Wohler fatigue test was first conducted, and the S-N 
curve plotted. The Prot method was then used, with 
loading rates of 6, 12, 24, 48, and 96 psi per minute. In 
these tests, some samples were started with no preload, 
and others with a 500-psi preload, but all points fell fairly 
close to the line, as shown in Fig. 1. The curve was drawn 
through points which are averages of eight values. The 
95% confidence limits of these means (indicated by 
dashes) are also shown. The extrapolation of this straight 
line indicates good agreement of the Prot endurance limit 
with the Wohler endurance limit of 900 psi. It should be 
noted that, in the Prot method, with rates of loading 
higher than 48 psi per minute, the plot of stress to failure 
against the square root of the rate of loading (Fig. 1) did 
not yield a straight line, the higher rates of loading yield- 
ing fatigue breaks at stresses lower than might be ex- 
pected from extrapolation of the straight line obtained by 
plotting the breaks at slower rates of loading. 
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Fig. 1. Prot fatigue of polymethyl methacrylate at 1789 rpm. 


In experiments with polystyrene, three different 
fatigue conditions were observed, i.e., (1) alternating 
stress at a frequency of 1900 rpm on the as-received 
material ; (2) alternating stress at 1900 rpm after anneal- 
ing, to remove all residual stress ; and (3) alternating 
stress at 360 rpm on the annealed material. In all cases, 
tests were carried out at 75°F and 50% relative humidity. 

As before, the usual Wohler fatigue tests were con- 
ducted, endurance limits being about 460 psi for condi- 
tions (1) and (2) above, and 510 psi for condition (3). 
With the Prot method, the rates of loading found to be 
most successful were 30, 15, 7-5 and 3-7 psi per minute. 
When rates of loading higher than 30 psi were used, it was 
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Fig. 2. Prot fatigue of unannealed polystyrene at 1900 rpm. 
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Fig. 3. Prot fatigue of annealed polystyrene at 1900 rpm. 








found, as in the case of polymethyl methacrylate, that the 
plot of stress to failure against the square root of loading 
did not yield a straight line, as indicated in Fig. 2. The 
Prot curves for all these conditions were drawn as straight 
lines, by the least-square method, through points which 
are averages of five values. When these lines were extra- 
polated to zero rate of increase of load (equal to the 
endurance limit), a close approximation of the endur- 
ance limit, as obtained by the W6hler method, was 
obtained. The results of these Prot tests are given in 
Figs. 2, 3, and 4, in which the 95% confidence limits of the 
means are also shown. In both the Prot and Wohler 
tests, it seems that lowering the frequency raises the en- 
durance limit of polystyrene. Residual stresses present in 
polystyrene, however, only add to the scatter of the 
fatigue data. The residual stress work also indicates the 
excellent reproducibility of the Prot method. 

In experiments with nylon, the axial fatigue properties 
of the material were investigated. The samples were 
alternately stressed in tension and compression through a 
mean stress of zero. As before, a Wohler fatigue study was 
first conducted, giving an endurance limit of 3300 psi. 
The Prot experiments were conducted at rates of increase 
of alternate loading of 15, 7-5, 4:0, and 2:0 lb per min 
(Fig. 5). It is interesting to note that the Prot extra- 


202 


FAILURE STRESS, psi 
@ o nN > 
38s es és 


nf 
o 
oO 





1 hi 1 1 1 1 


2 3 5 6 7 
[RATE OF LOAD. psi/min 
Prot fatigue of annealed polystyrene at 360 rpm. 





FAILURE STRESS. psi 
nN uw uw w uw 
oa Oo Nm 
8 $88 8 8 


3 
o 





n 1 1 n 1 


! 2 3 
J RATE OF LOAD. psi/min 
Fig. 5. Prot fatigue of gear nylon at 1800 rpm. 








polated endurance limit agrees within —7-:8°% of the 
WoOhler endurance limit, and that this is the only Prot 
endurance limit which was lower than a Wohler endur- 
ance limit. 


CONCLUSIONS 
In this preliminary investigation of relatively simple 
polymer systems under various fatigue conditions, the 
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Prot method yields a good approximation of the endur- samples which continue running beyond some arbitrary 
ance limit as obtained in conventional fatigue testing. number of cycles in an ordinary fatigue test. The method 
The work has shown that, as well as providing a good also greatly reduces scatter, which becomes large near the 
short-time estimate of the endurance limit under various endurance limit in a conventional test. Further study of 
conditions (a time saving of approximately 90%), the the Prot method of accelerated fatigue testing seems 
Prot method eliminates the problem of treating data for warranted. 


Wes. A. 
Flame Washing of Steel Castings 


By A. F. CHouinarD. (From The Welding Journal, Vol. 36, No. 3, March 1957, pp. 219-224, 9 illustrations.) 


TuE removal of excess metal, as well as of sand inclusions, capital investment costs are lower for flame-washing 
sand penetrations, and burned-on core sand, has always equipment than for grinding equipment. To equip a 
been a serious and costly problem. Finishing some cast- foundry with grinders and a dust exhaust system requires 
ings by conventional methods may bring cleaning costs an investment about ten times as great as that for flame- 
up to as much as 35% of the total manufacturing costs, washing equipment. If the latter is installed, only a few 
about one-third being incurred by chipping and grinding hand-grinders are needed, and all swing-grinders and the 
operations. The development a few years ago of flame exhaust system can be eliminated. 
washing, however, meets the demand for an improved As flame washing removes pads and other excess 
and more economical method of removing excess or metal on the shake-out floor, castings need not be moved 
defective metal and of bringing castings to a marketable into the cleaning room. Instead, they can go directly for 
condition without the previous need for chipping and shot-blasting or annealing, if required, and thus skip one 
grinding. handling operation. If production is not too high, one 
Gates, risers, etc. are first removed by an oxyacety- operator can do both cutting and washing by using two 
lene cutting torch. This can be effected rapidly, but leaves separate torches. 
the pad surfaces comparatively rough. As a result, with An additional advantage is the fact that flame wash- 
conventional cleaning methods, some chipping and ing does not require nearly as much physical effort as 
grinding (by a hand- or swing-grinder) is still required. chipping and swing-grinding (which are strenuous jobs, 
Flame washing replaces these operations satisfactorily, involving a high noise level and vibration fatigue). 
as shown in Fig. 1, in which the pads on the top and Moreover, with a 30-in. torch, the operator is not sub- 
right side of the casting have been flame-washed to jected to excessive heat, and training is comparatively 
provide smooth, even surfaces. The third pad, on the easy, about a week being sufficient to convert a good 
left side, has not yet been flame-washed. oxyacetylene cutter to a good flame washer, as compared 
A major advantage of flame washing is the time with the three or four weeks necessary to train a chipper 
saved in cleaning the castings. Some foundries have or a grinder. 
found that, when chill bars and pads are located in 
positions difficult to grind, or when grinding a surface 
such as a contour, flame washing can save time. A Riser pads, fins, chill bars, reinforcing nails, and core 
flame-washing torch is far easier and faster to apply to chaplets make up most of the excess metal which must 
hard-to-reach spots than even a hand-grinder. If both be removed from steel castings. Riser pads, left from 
chipping and grinding are used to clean up a casting, the torch-cutting of gates and risers, can be flame-washed 
flame washing can cut the cleaning time to from one- in one or more passes, depending on the width or dia- 
quarter to one-third of the original time. Furthermore, meter of pad. A good operator can remove a pad and 
blend the area in with the casting contour so evenly that 
it is hard to detect where the pad has been. In this con- 
nection, Fig. 2 is a view of a casting, showing at the 
bottom a gate pad before flame washing and, at the top, 
the smooth surface left after flame washing a similar pad. 
An equally smooth result can be obtained with fins at the 
parting lines. However, at times, so much sand may 
adhere to the base of a fin that ordinary flame washing 
may not provide enough heat to melt the sand without 
gouging the adjacent areas. A special flame-washing 
torch employing powder injection may then remove the 
sand and fin more rapidly. 

Chill rods and bars, which can be removed by rap- 
ping, may be flame-washed, especially if they are located 
in fairly inaccessible areas. Washing also removes nails 
and chaplets more rapidly than their shanks can be 
chipped off. 

Particularly difficult to remove are sand inclusions 
and sand penetrations. Chipping and grinding out 
inclusions is a slow process, as the sand is below the 
casting surface. Powder washing removes them quickly, 

Fig. 1. because the powder supplies molten iron oxide, which 
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Fig. 2 


floats out the sand particles. Powder washing is just as 
effective for sand penetrations and burned-on core sand. 
The latter may be especially difficult to remove by 
chipping, as the hardened, tightly adhering sand may be in 
recesses almost impossible to reach by chipping hammer. 

Flame washing is adaptable to all shapes and sizes 
of castings. The area that can be flame-washed in one 
pass is limited by surface heat and may require multiple 
passes. Steel analysis may restrict its use, because the 
heat of the process may cause the casting to crack. 
Trouble may be encountered with castings containing 
more than 0-30% carbon, although steel with up to 0:50% 
carbon can be flame-washed without ill effects, if washing 
is done immediately after shake-out, while the casting is 
still hot. As a rule, if a casting can be cut with an oxy- 
acetylene cutting torch, it can be flame-washed. Some 
irons, stainless steel, and high-alloy steel can be powder- 
washed. 


FLAME-WASHING TECHNIQUES 


The equipment needed for flame washing includes, 
besides the usual oxygen and acetylene cylinders and 
regulators, only flame-washing torches and tips. Torches 
are similar to standard oxyacetylene cutting torches, 
except for length (30 in., compared with the usual 21 
in. for cutting torches). They are available with either 
75- or 20-deg. heads, the latter being particularly adapt- 
able to the flame washing of interior surfaces. 

Recommended gas pressures for flame washing range 
from 12 to 15 psi for acetylene, and from 65 to 95 psi for 
oxygen, depending on pad size and casting-section thick- 
ness. A higher gas pressure removes large pads more 
rapidly, but it is necessary to use lower pressures for 
thin-walled castings. The velocity of the washing oxygen 
must be high enough to carry away the molten metal 
without gouging below the contour of the casting and 
also to keep the tip cool. 

Torches should be operated at the full volume of 
preheat gases to obtain the same advantage of high- 
velocity gas as a coolant and thus keep tips cooler. At 
low gas velocity, tips overheat and, asa result, do not last 
nearly as long as tips operated at full preheat volume. 
Furthermore, low gas velocity may cause backfires. 

Manipulation of the torch, extremely important in 
flame washing, may be carried out in either of two 
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patterns, i.e., (1) an oscillation with a forward 
or (2) a counterclockwise elliptical motion c 
with a forward motion. Oscillation removes me 
rapidly, as more heat is reflected away with the ; 
motion. The more common of the two patterns, «ised for 
straight washing of pads and more or less flat «reas, is 
oscillation of the washing tip. If a pad is not laryer than 
3 or 4 in. in diameter, it is washed in one pass. 

The torch is oscillated, with preheat flame only, over 
a small area (14 in. wide), to start a puddle and to bring 
the metal t » kindling temperature. The tip is held at about 
a 30-deg. angle to the surface and pointed in the direction 
of wash. When the puddle reaches kindling temperature, 
the washing oxygen is turned on and the forward oscil- 
lation motion continued across the pad. The operator 
must judge the speed of torch movement from the 
condition of the surface. A fast motion produces a 
smoother finished surface, with less danger of gouging, 
and gives better control of the washing action. No at- 
tempt should be made to wash any surface which is either 
too high or too thick. Usually, any pad surface over 
3 in. in height is too high to remove by a flame-washing 
torch. Pads larger than 3 or 4 in. in diameter require 
more than one pass. For a pad of 8 to 12 in. in diameter, 
three or four parallel passes should be made. Over- 
lapping of passes produces a uniform surface. 

For single- or multiple-pass work, the casting should 
be positioned so that the wash angle is slightly down- 
wards, permitting the slag to run ahead of the wash and 
to preheat the area to be cleaned. Flame washing should 
not be effected in a vertical position, as the slag runs off 
too quickly to provide any preheating effect. 

The elliptical pattern is preferred for washing contour 
surfaces. It gives a flame concentration and action which 
quickly feathers the surface metal out into a smooth 
surface. As in washing by oscillation of the tip, an area is 
preheated to a puddle and kindling temperature, before 
the washing oxygen is turned on. While some operators 
may turn the oxygen on only during the retractory cycle 
of the elliptical motion, it is more common practice to 
keep it on continuously, once the proper temperature 
has been reached. Manipulation of the torch is simpler 
with a continuous oxygen application, and washing action 
is faster. 

With either oscillation or elliptical motion, the opera- 
tor should watch a small area ahead of the preheat flame 
and also the area directly beneath the end of the tip, 
so as to enable him to feather excess metal down and to 
blend it evenly into finished dimensions and contours. 

Naturally, as an operator becomes experienced, he 
may vary the techniques here recommended. In flame 
washing, as in welding, ‘* feel ’? may mean the difference 
between a passable job and a very good one. For 
example, he may change torch position from the recom- 
mended 30 deg. to the work surface to as low as 5 deg. to 
obtain a more positive forward washing action; similarly, 
he may vary gas pressures to suit working conditions and 
to produce the best surface quality with minimum washing 
times. 
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POWDER WASHING 


Stainless steels and other high-alloy steels (with 
more than 5% of chromium, nickel, molybdenum, etc.) 
are virtually impossible to wash with the conventional 
flame-washing torch. As soon as the flame strikes the 
metal, refractory oxides of the alloying materials form on 
the surface and prevent further oxidation. With cast 
iron also, similar refractories stop the washing action. 
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Consequently, a special washing torch is used; this adds 
a highly refined ferrous powder to the washing-oxygen 
stream of the torch. The powder fluxes and removes 
the refractory oxides, making it possible and easy to 
flame-wash the metal surface. The intense heat generated 
by the reaction between the powder and oxygen melts the 
oxides as quickly as they form, and the molten iron oxide 
from the reaction fluxes and dilutes the refractory oxides 
to form a fluid slag. 

The washing action of the powder torch is not true 
oxidation, as in the flame washing of mild steel with the 
conventional washing torch. Instead, the intense heat of 
the powder-oxygen reaction actually melts the material. 
A similar action—melting of the sand particles—permits 
a continuous washing action and makes the powder 
torch more efficient and faster than the conventional 


By G. P. ZEDGINIDZE. 


In electrical systems intended for the measurement of 
strains or temperatures in rotating objects, the sliding 
contacts used are the critical elements in the measuring 
circuits. Nevertheless, despite the extensive literature 
devoted to sliding contacts in electrical machinery, the 
problems of sliding contacts in measuring circuits have 
not received sufficient attention and require a fresh 
experimental approach in each installation. 

Silver slip-rings, used in conjunction with silver- 
graphite brushes, have been extensively used and have 
given satisfaction at sliding velocities on the slip-rings 
up to about 3 m/sec. However, sliding velocities between 
3and 20 m/sec necessitate the use of more complicated 
circuits and pick-up designs, while brush pressures rise 
to 8 kg/em?. At velocities higher than 20 m/sec, the 
dificulties become so great that the use of contacts is 
often avoided, and complex schemes of inductive 
coupling or various indirect and imperfect methods of 
measurement are introduced. 

Modern engineering requirements include electrical 
measurements in rotating objects at high sliding velocities 
of up to 40 m/sec and even higher. Such measurements 
should preferably be carried out with simple apparatus 
and without recourse to costly materials such as silver 
and platinum. The study reported in this article, in which 
experiments were conducted with slip-rings made of 
copper, bronze, brass, cast iron, and other metals, and 
with a variety of brushes, appears to point the way to 
meeting these requirements. 

Normally, a measuring circuit remains open most of 
the time, and conducts very small currents (between 1 pA 
and 10 mA) only during actual measuring periods. Hence, 
it would appear that the contact surfaces (without cur- 
rent) approach the conditions of dry friction of metals 
associated with characteristic unstable phenomena. It 
will be shown later that these phenomena can be explained 
in part by concepts well known in the theory of sliding 
contacts as applied to electrical machinery, in which the 
fundamental electro-physical processes are caused by the 
Presence of a current. Such phenomena include the 








formation: of a so-called polish, the sparking accompanied 
bya“ lubricating ” action of the current, the generation 
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torch in washing off sand inclusions, sand penetrations, 
and burned-on core sand. 

The ferrous powder is fed to the torch from a powder 
dispenser consisting of a hopper, ejector, and a cylinder 
of carrier gas such as nitrogen or compressed air. The 
carrier gas, passing through the ejector, entrains, or picks 
up, the powder and carries it to the tip of the washing 
torch. A valve automatically controls powder flow. 

The washing technique with a powder torch is practi- 
cally the same as that with a conventional washing torch, 
except that no preheating time is necessary. The burning 
powder gives an immediate and continuous kindling 
temperature, so that washing can begin at once. As in 
conventional flame washing, the torch is manipulated 
with either the oscillating or elliptical motion, depending 
on the work contour. 


Investigations of Sliding Contacts used in Electrical 
Measuring Circuits 
(From Elektrichestvo, No. 1, January 1957, pp. 71-76, 9 illustrations.) 


of additional heat, and the variation of contact resistance 
with the current passing through the contact. 
Examination of the natural brush temperature ft and 
the slip-ring temperature t;, which are functions of the 
sliding velocity v and the specific pressure No per unit of 
brush area, show that, when the pressure No reaches 1-5 to 
[mv] 
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Fig. 1. Temperature and constant component of the contact e.m.f. in 
a single sliding contact. 
(A) Cast-iron slip-ring with copper brush (No = 1-5 kg/cm’). 
(B) Copper slip-ring with copper-graphite brush (No = 2:2 
kg/cm?). 
The scatter region of the measured results is shown hatched. 
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2-5 kg/cm?, temperatures f» and fs are moderate (Fig. 1). 
In these tests, artificial heating of the brushes was carried 
out to two different temperatures ¢), and brush and slip- 
ring temperatur2s were measured by thermocouples 
located 0-15 to 0-20 mm from the contact surfaces. 

A contact e.m.f. e- in the single sliding-contact circuit 
was observed, even with contact pairs of identical 
materials, its origin being thermoelectric. Oscillographic 
records show that this voltage is fluctuating, but contains 
a constant component E,, which is a function of v and fy 
and waich, in some contact pairs, changes its sign (Fig. 1) 
with increasing velocity v. With artificial heating, the 
change in the sign of E, can also be observed at a constant 
velocity v. 


2 





Fig. 2. Diagrammatic layout of the circuit used for oscillographic 
recording of the voltage-current characteristics of a single sliding contact. 


The voltage-current characteristic was examined by 
means of the circuit shown in Fig. 2, the circuit of the 
contact under test (brush (1) with slip-ring (2)) being 
closed via a special mercury switch (4) by low-resistance 
shunts R;, and R;,. The shunt resistance Rs,, fed by an 
oscillator through a voltage stabilizer (7) and a trans- 
former 71, serves as the source of e.m.f. for the test circuit. 
The voltage across the resistance Rs,, which is propor- 
tional to the current in the circuit and the voltage drop 
in the contact under test, was picked up through an 
amplifier (5) and transmitted to the deflecting plates of an 
oscilloscope (6). Thus, the screen shows directly the 
voltage-current characteristic required. This character- 
istic was photographed with the aid of an automatic 
shutter designed to show one or two oscillations of the 
50-cps voltage, thereby ensuring uniform conditions 
during the process of photographing the entire cycle. 
Artificial heating of the brushes was effected by an elec- 
tric heater (3) via a transformer 72. 

These tests have shown that most contact materials 
exhibit an effect which qualitatively resembles the so- 
called ‘* cohesion ”’ effect. As long as the voltage drop 
through the contact pair is small (conditions which exist 
in measuring circuits), the contact resistance is inde- 
pendent of either voltage or current, but it can be as much 
as several hundreds of times greater than in the regions 
where cohesion takes place and where resistance becomes 
dependent on current (conditions which exist in electrical 
machines). Cohesion is found only at the beginning of 
slip-ring motion, but later on it is almost independent of 
velocity v. With an increase in mean brush temperature 
To, oscillographic records show that the effect vanishes 
completely, indicating that the nature of the oxide films 
formed on the contact surfaces is that of a semi-conduc- 
tor. Where, however, velocity v = 0, the film becomes a 
conductor and, as soon as sliding is initiated, coherence 
becomes reversible and stable. The explanation of this 
must lie in the process of continuous renewal caused by 
the combination of wear and the formation of fresh film 
material. Small valve effects (2 to 10%) have been ob- 
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served in all contact pairs. Apart from know. causes 
such as the semi-conducting properties of films and the 
contact e.m.f., a Peltier effect may also be present. 

The contact resistance re was examined with both 
direct and alternating (15 to 800 cps) currents of very 
small magnitude, of the order of 10-5 to 0-5 A, and was 
found to fluctuate, its mean value R, being unsiable and 
sensitive to sliding conditions and to the nature of the 
materials used. Contact resistance r,. is affected by 
velocity v only indirectly, through vibrations and fric- 
tional heat. 

Brush vibrations are excited by machine vibrations 
and by friction (relaxation oscillations, sticking, and 
wedging-in of brushes). These vibrations affect the nature 
of the contact resistance r- and the contact e.m.f. ¢¢. They 
cannot, however, explain the change in sign of R, and of 
E,, nor the effect of mean brush temperature 7; on the 
fluctuations of re and ec. Tests have established that, 
after substantial elimination of the causes of brush 
vibration, by suitable mounting of the brushes, and after 
eliminating the effect of friction by means of the special 
device described below, the fluctuations of r, and e, did 
not change qualitatively. This can definitely be ascribed 
to certain specific film processes. 

The coefficient of friction and hence the friction 
force H between the brush and the slip-ring increase with 
a rise in brush temperature 7) and become stable. How- 
ever, brush wear G diminishes, as shown in Fig. 3. 
Similar effects were also observed in a number of in- 
vestigations into the dry friction of metals, and it is con- 
sidered that they are associated with structural changes 
in the oxide films, depending on the temperature of oxide 
formation. 

The results of these tests have made it possible to 
evolve a number of general concepts regarding processes 
of film formation on the friction surfaces of sliding con- 
tacts in measuring circuits. Thus, semi-conducting oxide 
films exist on contact surfaces, and these films are sub- 
jected to a process of wear and renewal. In the absence 
of films of water, the contact resistance r, is basically 
made up of the resistance ro of the oxide film and the 
boundary-layer resistance r; in layers with a disturbed 
crystal structure, this resistance being due to the con- 
fluence of the current lines in these layers. The remaining 
factors contributing to r; are not significant. 

In the majority of contact materials, films are removed 
by a wiping action and not by disintegration. The inten- 
sity of wear is proportional to velocity v, and the rate of 
formation depends on the temperatures ¢, and f, and on 
the rate of diffusion of oxygen through the film. If the 
films, e.g., those of aluminium and nickel, are not im- 
permeable to gas, then, after a practically instantaneous 
formation, they prevent penetration of oxygen, and 
oxidation occurs only after complete removal of the 
film, leading to periodic changes in the film thickness 6. 
If, however, the films are permeable to gas, e.g., those of 
copper at below 309°C, the penetration of oxygen and 
the heat from the friction surface are controlled by the 
thickness of the films themselves, so that, for each value 
of velocity v, a definite mean film thickness A(y, #) is 
established on the brushes and slip-rings, and is associated 
with a condition of equilibrium between the rates of weat 
and the rates of formation of the film material. However, 
the thickness A cannot be stable, because the slightest 
external disturbances, such as vibrations, changes in gas 
pressure underneath the brush, ingress of dirt, etc., change 
the friction conditions, and thereby alter this sole source 
of heat generation. This rapidly disturbs equilibrium and 
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continually causes periodic changes in the mean film 
thickness 5 around the mean thickness A. Fluctuations in 
the thickness of oxide films, and particularly of those on 
the brushes, explain the fluctuations in the contact resis- 
tance re and the contact e.m.f. ec, which persist, even when 
the brushes are practically vibrationless. 

It has already been stated that re = ro + rn, since the 
total contact resistance r, is substantially made up of the 
resistance of the oxide film ro and the boundary-layer 
resistance 1. Now, ro = f1 (80, Po, fo) and rr = fe (So, 
pi, fr, So), Where 5 and ¢ are the instantaneous values of 
the film thickness and temperature respectively, p is the 
specific resistance of the oxide film or of the boundary 
layer, and so is the ratio of the true area to the nominal 
contact area. In other words, ro and r; are directly 
associated with the thicknesses 5, as well as with the 
temperatures. 

The layers in the contact area form a thermoelectric 
circuit consisting of contact materials, each of which is 
coupled with its own oxide. The periodic shifts in the 
temperature differences at the dividing surfaces of the 
various layers are related to the fluctuations in thickness 
§ and constitute the source of the fluctuating component 
in the voltage e-, even in contacts between identical 
materials. Variations in the mean value of thickness 
A(v,t) cause the change of sign observed in the constant 
contact e.m.f. E, (v, t). The low inversion temperatures 
of metal oxides also assist the change of sign in Ee. 

The film processes discussed above have not been 
considered in detail, but the following three important 
practical conclusions can be stated :— 

(1) Re-istance re and e.m.f. e¢ are stabilized if the film 
thickness itself becomes stabilized, in which case it is 
necessary to ensure at the oxidized surfaces (mainly on 
the brushes but also within the contact area) heating 
conditions which are independent of unstable frictional 
heat. This can be achieved by artificial brush heating. 

(2) With an increase in brush temperature 7), the 
contact resistance R- (v, 7») ~ Ro + Ri will have minima 
which shift with an increase in the sliding velocity v 
towards higher brush temperatures, because the oxide- 
film resistance Rp (Ao, Po, To) first drops as a result of the 
semi-conducting behaviour of the oxide film, and then, 
when the growth of film thickness A, becomes pro- 
nounced, starts to rise. 

(3) Taking into account the increase and stabilization 
of the coefficient of friction 1: and hence of the friction 
force H (Fig. 3, curve H), the brush-heating feature can 
also be used to eliminate the effect of friction forces on 


G [gm/cm? sec] 
eu 
Re|Q 
x4 [am] e [ ] 
30} 240 8x10 


28+ 220 
26 | 200 


24+ 180 





R 
22b 169 : 





40 60 80 


Fig. 3. Fri-tion force H, wear G, and mean contact resistance R- of a 
contact pal". comprising a copper-graphite brush and a copper slip-ring, 
48a functio.. of brush temperature T,, with v = 10°4 m/sec and No = 2°2 
kg/cm?. 
The »-atter region of the measured results is shown hatched. 
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brush vibrations. If the brush is set up at a certain angle 
@ against the motion of the slip-ring, as shown in Fig. 4 
then the pressure P is resolved into a normal component 
N = P cosa and a tangential component T = P sina, the 
force T having a direction opposed to that of the friction 
force H = uN =p P cosa. 

With an increase in pp, which increases with brush 
temperature 7;, conditions arise in which » = tana, in 
which case the friction force H becomes equal to the force 
T and these two forces balance one another. The brush 
is then under the action of the force N alone. Thus, the 
problem reduces to the experimental determination of the 
optimum magnitudes of 7, and a, at which, simultane- 
ously with the stabilization of the film processes, the 
effect of friction force is also eliminated. 

These conclusions have been fully confirmed experi- 
mentally and have led to a simple and effective solution 
of the problem outlined in this paper. 


Fig. 4. Method of mounting 
and heating the brush. 


(1) Brush holder. (2) Bridge. 
(3) Spring. (4) Centering 
glass ball. (5) Brush. (6) Pres- 
sure adjustment. (7) Electric 
heating element. (8) Mount- 
ing for heating element. 





Of all the tests carried out, the best results were ob- 
tained with a contact pair comprising copper-graphite 
brushes and copper slip-rings, as shown in Fig. 4. Tests 
conducted within the limits v = 0 to 45 m/sec have estab- 
lished that, with a = 18 to 20 deg. and No = 1-5 to 2-5 
kg/cm2, there is an optimum temperature 7) for each 
value of v. This temperature lies between 65 and 115°C, 
at which R, and E, have minimum values and are stable, 
and where the fluctuations in re and e- vanish. As an 
example, Fig. 3 shows a curve of R- at v = 10-4 m/sec. 
It is extremely important that the minima of Re are not 
very pronounced, and in practice it appears sufficient to 
establish a certain mean temperature of 95 +15°C. It is 
not necessary to control or to supervise this temperature 
during operation, owing to its large tolerance, thus 
simplifying the tests considerably. Contact resistance 
increases by a factor of no more than 5 to 6, remaining 
at about 10-3 ohm when the velocity v varies between 
0 and 45 m/sec, this being achieved with a single brush on 
each slip-ring and with No = 2-2 kg/cm?. The contact 
e.m.f. in the circuit does not exceed 25 pV. 

Oscillographic records of rapidly varying processes in 
rotating objects were made by conventional methods of 
strain-gauge and temperature measurements, observing 
the most difficult conditions, i.e., (1) each slip-ring was 
used with only one brush, (2) standard low-resistance 
(195-ohm) wire strain gauges were employed, the rotating 
object having only two active strain gauges attached, and 
(3) a 53-ohm copper resistance thermometer and 
thermocouples made of standard materials or of copper- 
constantan were used. The method of current pick-up 
descrited does not distort recordings within the range of 
v = 0 to 42 m/sec, and the calibration is unchanged, so 
that the method can be used with v = 0, making it poss- 
ible to measure very small magnitudes. Similarly, measure- 
ment of very large magnitudes is greatly facilitated. 
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FRANCE 


New Torque-Meter with Dynamometer Ring 


(From Mesures et Contréle Industriel, Vol. 22, No. 238, March 1957, pp. 255, 257, 259, 4 illustrations. ) 


THE measurement of transmitted torque is of considerable 
importance in power plants, industrial drives, and testing 
machines. Equipment developed for this purpose by the 
Société d’Application de Dynamométrie Industrielle 
(S.A.D.), and described in this article, comprises a set of 
dynamometer rings of different sizes and materials suit- 
able for various ranges of torques and operating speeds. 














; Ai 




















The bridge is connected by two slip-rings Ri and R, 
to a battery supplying the necessary d.c. voltage and toa 
potentiometer P, as shown in the circuit diagram ip 
Fig. 1, which applies to an arrangement with four strain 
gauges S. The output from two other slip-rings Rs and 
Ra is connected to a mirror galvanometer G or to an 





amplifier and oscilloscope or pen-recorder, slip-ring R, 
also being connected to the slide of the potentiometer Pp 
The bridge is automatically compensated for thermal 
and centrifugal effects, and the dynamometer ring D can 
be operated at high speeds, owing to suitable positioning 
of the strain gauges S with regard to hoop stresses. The 
bridge supply voltage is 20 V when the equipment js 
used with four strain gauges of 600 ohms each, or 9 V 
with eight gauges of 120 ohms each. The bridge output 
voltage is of the order of 30 mV for maximum torque. 

Two sizes of ring are available, with respective dia- 
meters of 120 and 160 mm. Moreover, irrespective of 
amplifier gain, sensitivity can be varied by using rings 
made from different materials, so that a wide variety of 
torque ranges can be catered for, i.e., 0 to 3, 0 to 10, and 
0 to 30 mkg for the 120-mm size, and 0 to 100 and 0 to 
300 mkg for the 160-mm size. For protection against 
dirt, etc., the ring is provided with a metal housing. 

An example of a complete torque-measuring unit, 
comprising the dynamometer ring (1), the slip-rings (2), 
and the associated brushgear 
(3), enclosed in a housing 
(7), is shown in Fig. 2. A 
flange (8), which is bolted 
directly to an engine flywheel, 
transmits torque to the dy- 
namometer ring (1) with its 
strain gauges (11) through an 
inner casing (9) which is 
supported by ball bearings 





Fig. 1. Circuit diagram of the S.A.D. torque-meter with four strain 
gauges. 
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Basically, the dynamometer comprises a_ hollow, 
thick-walled cylinder with two long parallel slots or 
series of slots cut around different portions of its peri- 
phery, so that it is, in fact, more like three rings connected 
together by bridge-pieces. The important feature of this 
component is that the ring, although subjected to torque, 
is used to indicate the tensile and compressive strains 
caused by such torque, enabling it to make use of the 
modulus of elasticity, instead of the shear or rigidity 
modulus of the material. For this purpose, the dynamo- 
meter ring is provided with either four or eight strain 
gauges, suitably arranged for measurements of bending 
strains and forming a bridge, the output of which is pro- 
portional to the applied torque. 
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(10). At its other end, te 
dynamometer ring is attached 
to another casing (6), which 
is keyed to the shaft. The 
housing (7) is itself stationary, 
and the end-cover forming 
part of this housing carries 
four terminals (5) for con- 
necting the brushes, three 
brushes foreach slip-ring being 
provided. The four slip-rings 
Fig.2. Section through a complete (2) are made of silver, and 
a ne ae the brushes of silver-graphite. 
By means of a rotatable disc 

(4) on the end-cover, the brushes can be raised clear 
of the slip-rings when measurements are not being taken, 
thereby reducing wear to a minimum. A special device is 
incorporated for cleaning the slip-rings, ensuring that 
contact is satisfactory and that the ring will have a 
uniform surface in all tests. Since the limiting factor, 
insofar as operating speed is concerned, is the peripheral 
rubbing speed of the brushes, the slip-ring and brushgear 
arrangement is constructed in two different sizes, per- 
mitting maximum speeds of 6000 and 9000 rpm respec- 
tively, the corresponding bores of the slip-ring carrier 
being 28 mm and 50 mm. The two slip-ring carriers are 
interchangeable, i.e., either can be fitted in the dynamo- 

(Concluded on page 220) 
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Mains-Frequency Coreless 
Induction Melting Furnace 


Now in operation at International Combustion 
Limited, Derby, Britain’s first mains-frequency coreless 
induction melting furnace, a 309-kW, 5-ton capacity 
unit, has been manufactured and installed by Birlec 
Limited, of Birmingham. Basically, the principles of this 
type of furnace are similar to those of conventional high- 
frequency units, th> fundamental difference between the 
mains-frequency furnace and the high-frequency furnace 
being that it has now been found practicable in furnaces 
of capacities larger than 15 cwt to supply the coil with 
current at normal mains frequency, i.e., 50 cps, instead 
of at frequencies between 1000 and 10,000 cps, with 
corsiderable economy in running cost. The 50-cps current 
induces a vigorous stirring action in the bath, ensuring 

















ctive Of Bint the entire depth of molten metal is at a uniform 
ig Tings temperature and of uniform composition. 

riety of The coil, of a specially shaped section, is wound from 
10, and § bigh-conductivity copper and is designed for maximum 
nd 0 to [ekctrical efficiency, for safety in the event of a metal 
against break-through, and for free passage of the necessary 


cooling water. The coil is supported and restrained axially 


am by spring-loaded end-rings, and radially by packets of 
8 unit, § i ansformer iron, which also constrain the magnetic flux 
1gs (2), Band permit the use of a solidly welded steel outer casing. 
ishgear The furnace itself imposes virtually no maximum 
\ousing #§ temperature limitation, other than that engendered by the 


2. A [lining material chosen. The first lining of the present 
funace is of a high-silica material rammed around a 
sheet-steel former which is melted out with the first 
charge, thereby sintering the lining. The life of the lining 
of furnaces of this type has been found in practice to be 
utisfactory up to very high temperatures. Thus, when 
melting iron, the life is normally about 150 heats with a 
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pouring temperature around 1500°C. With steel, the life 
of one lining may be between 30 and 150 heats, depending 
on the temperature, type of material used, and the care 
exercised in carrying out repairs. For light alloys, the 
life of the lining may be considered indefinite. 

The furnace is tilted for pouring by hydraulic rams, 
one on each side of the body. These are supplied with 
fluid by a vane-type pump controlled by a valve mounted 
on the control stand of the furnace platform. The rams 
are of large diameter, giving mechanical rigidity and 
low operating pressures, resulting in a very smooth and 
progressive tilting action. 

The present installation runs off a low-tension supply 
of about 420 V, which is fed to the equipment through a 
contactor and an isolator. The main on-load cor.taztor is 
provided with overload protection, backed up by H.R.C. 
fuses and an off-load isolator. The transformer is pro- 
vided with adequate tappings to ensure a wide range of 
power inputs, so that any degree of superheating or 
melting, up to the maximum, can be achieved. In the 
same tank as the transformer is a reactor, associated 
with a static balancer, to give a reasonably balanced 
three-phase load on the incoming supply mains. In order 
to present a good power factor to the mains, a bank of 
50-cps power-factor correction capacitors is provided, 
connected in parallel across the coil. Current is brought 
to the furnace from the busbars by water-cooled flexible 
cables, while cooling water for the coil is fed via flexible 
hoses. The illustration shows a slagging view of the 
furnace, with the control panel in the background. 


Heavy-Duty Spiral Electric 
Planing Machine 


Recently comp’e‘ed to the order of William Asquith 
Ltd., a heavy-duty spiral electric planing machine, capable 
of machining work 14 ft wide, 10 ft high, and 30 ft long, 
has been constructed by George Richards & Co. Ltd., of 
Broadheath, Altrincham, Cheshire. In addition to 
normal longitudinal planing, the machine (Fig. 1) is 
arranged to carry out cross-planing, deep cross-planing, 
and surface grinding (with its own cool int system). 

The table has a working surface of 30 ft x 12 ft 3 in., 
is liberally provided with T-slots for clamping purposes, 
and has a chip tray at each end. The bed is of heavy box 
section and is provided with four slideways, each 60 ft 
in length, the total width of the bed being 11 ft 6 in. 
Adequate support is therefore give 1 to the table over its 
whole length and throughout its maximum stroke. The 
narrow-guide principle is incorporated in the table design, 
and a special strip affords adjustment for sustained align- 
ment. Lubrication of the four bed slides and the driving 
worm box in the centre portion of the bed is effected by 
two motor-driven oil pumps, the supply of oil being 
obtained from a sump in the bed of the machine. A 
special feature is that, by means of electrical interlocks, 
it is impossible to start the main motor of the machine 
unless the oil pumps are running. Oil sumps are also 
provided at each end of the machine, to receive surplus 
oil from the bed slides during the traverse of the table. 
The machine is driven from the a.c. supply by means of a 
Metropolitan-Vickers Ward-Leonard set and an 80-hp 
variable-speed d.c. motor. Cutting and return strokes are 
controlled by entirely independent rheostats, a range of 
speeds from 10 to 130 fpm being available in both 
directions. 

Two tool boxes are fitted on the cross-slide and are 
provided with hand, automatic, and rapid power traverse, 
both vertically and horizontally ; angular adjustment by 
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means of a worm and quadrant, is also provided. The 
heads are quite independent of each other, and the feed 
mechanism incorporated in the feed boxes gives a 
fine range of feeds from 1/96 in. to } in., and a coarse 
range from 4 to ? in. per stroke of the table to the 
cross-slid2 boxes horizontally and the side boxes vertic- 
ally. The feed ranges to the cross-slide boxes vertically 
are half those provided horizontally. For the return 
stroke, the tools are lifted by means of solenoids which 
operate at the end of the cutting stroke and remain 
energized until the tools are ready to begin cutting again. 
In the event of the table stop-button being pressed during 
the return stroke, the solenoids remain energized, thereby 
preventing damage to the tool or workpiece. Each head 
is controlled by its own switch on the cubicle and the 
lifting arrangements are therefore quite independent of 
each other. Side tool boxes are fitted to each upright, 
and automatic feed and rapid power traverse are provided 
in the vertical direction, hand adjustment being provided 
in the horizontal direction. Here again, tool lifting is 
accomplished by means of solenoids. Feed and rapid 


power traverse motions are interlocked, to prevent 
damage by simultaneous engagement. 


Fig. ft. 

The counterbalanced cross-slide is unusually deep 
on the main slide, with increased depth where the cross- 
slide fits the uprights, eliminating deflection and counter- 
acting the torsional stresses set up by heavy-duty cutting. 
Locking of the cross-slide on the uprights is accomplished 
by means of two }?-hp motors, which, through suitable 
gearing, operate clamp plates bearing on the inner square 
lock of the upright, one at the top and the other at the 
bottom of the cross-slide. These motors are also inter- 
locked with the main motor, to prevent the table being 
put into operation while the cross-slide is unlocked. 
Raising and lowering of the cross-slide is actuated by the 
same 9-hp motor which provides power for the feed and 
rapid power traverse motions. This motor is also inter- 
locked with the cross-slide clamping motor, to prevent 
the elevating mechanism being put into motion whilst 
the slide is locked. Limit switches are provided at the 
top position of the cross-slide to obviate damage from 
over-run, and similar provisions are made from the 
bottom limit of the side tool boxes and to prevent 
collision of the cross-slide and side tool boxes. Machine 
movements are controlled from a twelve-point counter- 
balanced pendent-type push-button station. 

The machine is provided with a detachable cross- 
planing head having a stroke of 12 ft 9 in. from the inside 
face of the left-hand upright. Hand adjustment vertically 
and horizontally is also provided. The normal left-hand 
planing head is mounted on a long saddle which carries 
the cross-planing unit, and for driving this : ttachment a 
special driving box is fitted to the left-hand end of the 
cross-slide, via a 15-hp motor mounted on the beck of 
the cross-slide. Motion to the head is obtained through a 
screw running the length of the cross-slide and engaging 
nuts on the saddle. The length of stroke is controlled by 
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Fig. 2. 

a large dial carrying adjustable dogs engaging with a 
reversing switch, and a safety switch is provided to prevent 
accidental over-run. A change-over switch controls 
either longitudinal or cross-planing, as desired, and acts 
as an interlock between the longitudinal and cross-planing 
motions. For longitudinal planing, the direction of the 
main motor and the operation of the feed motor are 
controlled by the table reversing switch operated by 
adjustable dogs on the table. For cross-planing, the 
directicn of the head and the operation of the feed motor 
are controlled by the reversing switch operated by 
adjustable dogs on the dial at the left-hand end of the 
cross-slide. The feeds to the cross-planing head are 
provided by the feed box used for longitudinal planing, 
the feeds for both motions being the same and indicated 
on the dial provided on the feed box. Motion to the 
cross-planing feed driving shaft is provided by the down- 
feed shaft in the cross-slide. Selector gears are provided 
fcr either cross or vertical feed to the cross-planing head. 
Electrical interlocks are incorporated to prevent con- 
flicting motions operating at the same time and, as in the 
case of the normal heads, tool lifting for the cross- 
planing head is solenoid-operated. The cross-planing 
attachment in its normal position is shown in Fig. 2. 

As previously mentioned, the cross-slice is «ounter- 
balanced. This is the first time that this feature has been 
incorporated in a Richards planing michine and is 
primarily designed to steady the cross-slide as it com- 
mences the deep cross-planing operation. Balancing also 
materially assists in the elevating of the cross-slide. The 
necessary interlocks are actuated during deep cross- 
planing—the main motor to the table and the rapé 
power traverse to the heads toth being rendered inoper- 
ative. For dzep cross-planing, the tool slide on the 
cross-planing attachment is swivelled 90 deg. from the 
vertical position. 

A “Snow”’ grinding head, with a 20-in. diameter 
grinding wheel, is interchangeable with the right-hand 
planing teid and is accommodated by removing the 
normal planing head and attaching to the saddle by 
means of an adaptor plate. 


Thin-Walled Plain Bearings for 

Heavy Engineering Applications 

Suitable for marine, locomotive, and_ stationary 
diesels, and for gearboxes, turbines, and other types 0! 












heavy machinery, a new range of standard thin-walled 
plain bearings, in sizes up to 12 in. bore, has been 
introduced by The Glacier Metal Company Limited, 0! 
Alperton, Middlesex. The new bearings are made in two 
standard wall thicknesses, i.e., 0-142 in. for the 6 to 
8% in. bearings, and 0-172 in. for the 9 to 12 in. bearings. 
Individual bearings are available in widths up to 6} In, 
but wider bearings can be provided by using two stan- 
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dard bearings side by side, with a gap between them 
forming an oil groove, in accordance with a patented 
arrangement. 

These bearings are made to close wall-thickness 
tolerances, and are manufactured from strip material by 
acontinuous process, which lends itself to close control 
and consistent metallurgical quality. Other advantages of 
these thin-walled bearings include the fact that they can 
be replaced without special plant or unskilled labour, 
that spares are light in weight and save storage space, 
and that their use in thick-walled shells frequently gives 
designers the option of increasing shaft sizes to carry 
greater loads without increasing the overall size of the 
assembly (or, in the case of big-ends, reducing the weight 
of the connecting-rod assembly). Another advantage is 
that they are supplied prefinished, i.e., to a wall-thickness 
accuracy which enables them to be fitted without machin- 
ing or scraping, thereby greatly reducing fitting and 
assembly time. Furthermore, their accurate bore size 
and contour result in a better load distribution than that 
normally obtained in practice with hand-scraped bearings. 


High-Energy Radiation Research 
on Dielectric Materials 


Among other research projects in progress at the 
Hinxton Hall Research Laboratories of Tube Investments 
Limited, is an investigation into the effects of high-energy 
radiation on dielectric materials suitable for use in cables 
and wiring. Of these materials, polyth2ne is of particular 
interest, because of its superior electrical, physical, and 
processing properties, and it is one of the aims of the 
present investigation to supplement existing knowledge 
of the effects of irradiation on these properties with a 
wider investigation into the fundamental changes which 
are induced. Thus, for instance, it is known that exposure 
of polythene to high-energy radiation considerably 
improve; its high-temperature properties. Unlike con- 
ventional polythene, which melts at 115°C, the irradiated 
material is converted to an elastic rubber-like substance 
which retains its form and appreciable strength. 


For the purpose of these investigations, a new labor- 
atory has recently been constructed by the Tube Invest- 
ments Group, the focal point of tke building being a 
large two-storey chamber which houses a 2-MV Van de 
Graaff particle accelerator. A conveyor-belt system passes 
the materials through the electron beam produced at a 
regulated speed. The operation is remote-controlled 
from an external panel, and the inside of the chamber 
can be viewed through a thick observation window com- 
prisins 41 panels of glass which also protect the operator 
from any stray radiation. The whole installation is 
enclosed in a concrete shell, 3 ft in thickness, equipped 
with 2 2-ton lead door. The illustration shows part-of the 
Itrad: tion chamber, in which can be seen the lower half 
of th: accelerator and the triangularly shaped electron- 
— ee The observation window is in the back- 
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Sheet-Welding Machine 


Stated to be the first machine to have been designed 
and constructed to accommodate thin-gauge mild-steel 
sheets for lap welds, as well as butt welds, a new sheet- 
welding machine has been supplied by Courtbourn 
Positioners Limited, of Bedford, to F. J. Ballard & Co. 
Ltd., of Tipton, Staffs., thus making possible the redesign 
of their indus‘rial ovens to suit an all-fabricated con- 
struction. Thicknesses from 20 s.w.g. to 4 in. for lap 


welds and to } in. for butt welds, with widths up to 9 ft, 
can be handled by this equipment. 





One sheet of the material to be welded is fed in under 
the clamping beam on one side of the machine up to 
stops in the form of hinged locating arms which are 
dropped down onto the weld path. The sheet is then 
clamped by operating a single air valve controlling a 
bank of 14 clamps, after which the locating bars are 
swung back out of the way, and a second sheet is fed in 
from the other side of the machine, positioned in correct 
relation to the first sheet, and itself clamped by a second 
bank of 14 clamps. A Lincoln submerged-arc automatic 
head is then set in operation, rapidly traversing the full 
length of the welding path, and providing a smooth, even 
weld which requires no fettling. 


High-Capacity Centrifugal 
Separator 


A new centrifugal separator has recently been added 
to their standard range by the Centrifuge Department of 
Hopkinsons Limited, of Huddersfield, with the object of 
providing a high-capacity unit within reasonably small 
dimensions. In this connection, the new machine, 
designed ‘* 2X ’’, is capable of handling 275 gallons per 
hour of various fuel oils and lubricating oils, yet stands 
only 33 in. high on a base of 29 x 18 in. 

The separator is operated by a 1}-hp motor, mounted 
on a combined bed-plate and drip tray, with a flexible 
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.».When Goodyear 
V-Belts are on the job! 


You get longer belt life, more efficient trans- 
mission with Goodyear V-Belts. There’s a wide 
range of these ‘ job-designed ’ belts to suit every 
kind of drive — from huge multi-V installations 
to small F.H.P. applications. The Goodyear 
Service will help you select the right V-Belt for 
the job and advise on optimum working con- 
ditions. In this way, you can be sure of the 
greatest economy and the elimination of costly 
shutdowns. 


Consult your Goodyear Industrial Rubber 
Distributor or write to: 


The Goodyear Tyre & Rubber Co. (G.B.) Ltd., 
Industrial Rubber Products Dept., Wolverhampton. 
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FOR MULTI-V INSTALLATIONS 


Withstand high starting torques, sudden shocks 
and pulsating loads. Minimum stretch and creep. 
Tough, rubber-impregnated fabric preserves the 












belt section, resists side-wear and gives positive grip. 











FOR FRACTIONAL HORSE POWER LOADS 


Will absorb the shocks and strains of frequent 
starting and stopping. Also designed to withstand 
the high rate of flexing arising from the compactness 
of short centre, high speed, small pulley drives. 
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coupling between the motor and worm-wheel shaft and 
incorporating a centrifugal clutch lubricated by oil mist. 
The motor is of the enclosed, ventilated, drip-proof type, 
with specially impregnated windings for operation in 
tropical climates. In the main drive, the phosphor- 
bronze worm-wheel and steel worm are enclosed in an 
oil bath, the pump drive being via spur gears, also lubric- 
ated by oil mist. 

Different designs of centrifuge bowl are available, to 
suit varying types of duties. The body, top cover, and 
locking ring of the bow! are constructed of heat-treated, 
nickel-chrome steel, machined all over, with a protective 
coating of nickel, the centre-tube and sealing cone being 
made of phosphor-bronze. All parts of the bowl are 
protected against corrosion. Portable-type machines are 
also available, if required. 


Capless Electric Lamps 


A new development in miniature lamps, the capless 
lamp, is announced by the A.E.I. Lamp and Lighting 
Co. Ltd., of London, W.C.2. The new lamp, which 
should prove of great value in electronic equipment, con- 
trol panels, and domestic appliances, has a number of 
inherent advantages, including compact design, resistance 
to humidity and vibration, and operation at high tempera- 
tures (up to 600°F). 
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The lamp has no metal cap, no cement, and no 
soldered connections, but uses an accurately moulded 
glass base with formed lead-wire contacts symmetrically 
disposed on opposing faces about a centrally moulded 
tubular section, as shown in the accompanying illustration 
of a 12-V, 2:2-W type. Lead-wire contacts are formed 
closely to the glass faces and are terminated at the end 
remote from the seal outlet by a groove moulded across 
each face of the glass base. This moulding provides 
registration for both light centre length and axial align- 
ment and offers great scope for simplified socket design 
without sacrificing reliability of performance. 


Pneumatic Control Valves 


An improved version of the slide valve, as used to 
control compressed air and low-pressure hydraulics, 
forms the basic unit of a comprehensive range of control 
valves manufactured by Midland Pneumatic Ltd., of 
New Cross, Wolverhampton. Based on the linear slide- 
valve principle, and combining extreme simplicity, few 
working parts, and limited valve movement, the valve 
consists of a body housing a simple balanced piston 
which traverses the valve slide across a lapped ported 
face. The piston is fitted with low-friction seals in a plain 
bore of honed finish. When arranged for reversal by 
means of a pilot air signal, the valves incorporate 
synthetic-rubber buffer rings, absorbing the inertia of the 
Moving piston and providing a shockless reversal. All 
working parts are constructed of entirely non-corrodible 
materi«!s of copper alloy or stainless steel, but, if required 
they can be specially produced from ferrous materials. 

These valves, which are totally enclosed, rugged, and 
depencable, can be used under exacting conditions, while 
an amole reserve of operating power, coupled with low 
frictio losses, ensures immediate response to signal 
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pressure. In addition, their limited movement reduces 
operator fatigue, particularly with foot-operated valves. 
The basic unit is arranged for 4-way control, of either 
positive, self-reversing, or self-centering action, the latter 
being available with ports either blanked or open to 
exhaust in the neutral position. These four different types 
can be supplied in all cases for hand, foot, pad, mechani- 
cal, automatic, or semi-automatic control, or in combina- 
tions of these various styles. A selection of types and 
control arrangements is illustrated. At the moment, 
valve sizes of } and 3 in. B.S.P. are available, but larger 
sizes will be added later to the range. In addition, a pilot 
solenoid, for attachment to the basic unit, is in the 
development stage. 


Cutting Tools with Throw-away 
Tips 

Eliminating the need for tool reservicing, a new range 
of cutting tools, embodying the expendable-tip technique, 
is announced by the Wimet Division of Wickman 
Limited, of Coventry. Designed on the principle of 
clamped-tip tools, these new *‘ Econotip ” tools consist 
of a shank or holder to which a carbide tip and a separate 
chip-curler are fixed in a prepared location. As each 
cutting edge becomes work-dulled, the tip is released and 
turned round or over to present a new sharp cutting 
edge, until the eight edges on the square tip or the six 
edges on the triangular tip have been used, after which 
the old tip is merely discarded and a new one inserted. 

The elimination of the regrinding or lapping process 
also secures substantial savings in the cost of diamond 
wheels, normally a very desirable but necessarily expen- 
sive requirement of conventional carbide tools. It also 
removes the risk of tool failure and shortened life due to 
incorrect grinding. Moreover, because it is unnecessary 
to remove the tool to renew the cutting edge, tool settings 
remain undisturbed, and unproductive time taken up in 
resetting tools is greatly reduced. The system also en- 
sures that the carbide tip is completely free from brazing 
stresses, and is thus capable of longer and more profitable 
service than that sometimes obtained from brazed tools. 

Extensive tests have shown that the life of an Econo- 
tip holder is infinite, though, to allow for the unavoidable 
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hazards of the ma- 
chine-shop, a Ccoa- 
servative estimate 
ofalife of 288 pro- 
duction runs (i.e., 

riods between re- 
locations of the tip) 
has been taken as 
oneof the bases of 
aseries of calcula- 
tions which show 
conclusively that 
the use of Econo- 
tiptools represents 
q saving Of about 
35%, compared 
withthe useof con- 
ventional brazed- 
tip tools. : 

The design of the Econotip holder has been carefully 
studied to give great rigidity and extremely long life. 
The holder itself is made from toughened high-carbon 
steel, with a seating for the carbide tip and the chip- 
curler. The seating for the tip and chip-curler is 
designed to accommodate two tips, the lower tip acting 
asan anvil for the cutting tip and as a wear-resistant face 
immediately below the tip, to prevent chips of swarf 
abrading the shank itself. When a chip-curler is not 
required, the tips can be secured by reversing the clamp. 
The tip seating is arranged to give a 5-deg. negative 
cutting rake and the normal 5-deg. front-to-back angle. 

Four styles of tip are available, giving approach angles 
of 15, 30, or 45 deg. with a square tip, and 0 deg. with the 
triangular tip. Two grades of carbide are available at 
present, i.e., Wimet grade ‘‘ N ’’ for machining cast iron, 
non-ferrous, and general-purpose cutting, and Wimet 
grade ‘‘ XL2°’ for cutting steel at high speeds. Depths 
of cut up to } in. with fine feeds can safely be taken with 
these tools, subject to the usual conditions governing the 
use of carbide tools. 


Kerosol-Packed Protective Coating 
for Metal Components 


Suitable for the protection of machine-tool parts, 
spares, gauges, stores, and all other metallic parts 
exposed to corrosion, a new hardened-resin type of 
lacquer, designated ‘* Ruby ’’, is announced by Amber 
Oils Ltd., of London, W.1. 

When sprayed onto metal surfaces, ‘‘ Ruby ’’ forms a 
hard corrosion-inhibiting coating which is strongly 
resistant to scuffing and abrasion and will not crack 
under conditions of heat and moisture. Once applied, 
it will remain intact for a considerable time, but it can, 
when required, be removed by readily available solvents, 
such as paraffin or white spirit. The coating has a red 
colour, facilitating examination and providing economy 
of application. 


Plastic Plumbago Refractories 


Basically comprising plumbago/silicon carbide plastic 
refractories, requiring only the addition of water to be 
ready for use, a new range of refractory products, de- 
signated ‘‘ Black Sal’’, is announced by The Morgan 
Crucible Company Limited, of London, S.W.11. 

Of these, Black Sal No. 900 is a cement with a 
plumbago/silicon carbide base, primarily intended for 
jointing plumbago ware, though it can also be used as a 
refractory wash-coat. Black Sal No. 2000 is a high- 
quality piumbago stopper plugging compound, which is 
Very resistant to erosion, thereby making it ideally 
suitable for this purpose; furthermore, it acts as a safe- 
guard aginst the loss of the stopper plug in bottom- 
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_ Black Sal No. 1000 is a super-quality plumbago/ 
silicon cz -bide plastic ramming material for use in 
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foundries. It has excellent resistance to thermal shock, 
and is resistant to corrosive action from molten metals, 
slags, and most fluxes, while its self-glazing properties 
restrict oxidation when heated to a temperature between 
1400 and 1500°C in an oxidizing atmosphere. In addition, 
it can be used as a damp dust for ramming behind formers, 
as a soft damp dust for hand-hammering without 
formers or for moulding shaped parts, and as a soft 
plastic for hand-daubing and repairing cracks. 





Surface Contacts with High Loading 
Pressures in Corrosive 
Atmospheres 


(Concluded from page 190) 

given loading. Finally, the conduction of current is 
taken over by the foreign layer, the contact resistance 
becoming current-dependent. Frequently, then, voltage 
drop remains approximately constant with increasing 
current, whereas it decreases roughly proportionally to 
current when the latter is reduced, owing to partial fusion 
or “ fritting’’. In any case, however, voltage losses in 
the foreign layer are so high that the contact is not tech- 
nically suitable. 

Tests in Rooms 2 and 3 were carried out with copper 
blades plated with thin, fairly thick, and thick layers of 
silver, the blades being stored for 35 or 97 days, as in 
previous tests. The results obtained in Room 2 were the 
same as in Room |, the voltage drop being lower with a 
thin layer than with a thick layer of silver. 

With increased intensity of corrosive attack through 
the thin silver layer, the base copper was finally affected 
in the tests carried out in Room 3. In this case, it was 
found that fairly thick coatings gave a lower voltage drop 
than thin and thick coatings. In addition, measurements 
were made on all the types of coating previously men- 
tioned. After 97 days storage in Room 2 the foreign 
layer was so considerable that current conduction took 
place mainly within the foreign layer itself. Only the dip- 
tinned surface still had a surface deformation capacity 
which was so considerable that current conduction re- 
mained metallic, with contact resistance practically 
independent of current intensity. 

To complete the tests described above, a number of 
components of low-tension high-power fuse-gear was 
suspended in Room 2, with and without their fuses 
inserted. The jaws of the bottom portions and the blade 
ends of the low-tension high-amperage fuses were silver- 
coated to a thickness of 12 microns, the contact force 
being approximately 35 kg. Owing to the splayed design 
of the contact blades used, the load-carrying contact 
surface was comparatively small, and contact pressure 
was correspondingly high, so that the deformation of the 
foreign layer was even greater than in the surface con- 
tacts described above, despite the lower contact pressure. 
In this series of tests, half of the contacts were ungreased, 
and the other half covered with vaseline. Before the expo- 
sure test, the voltage drop was measured as approximately 
0-7 mV at 350 A ; after 97 days storage in Room 2, the 
values measured at 350 A were 32 mV open contact, 
ungreased, without fuse inserted, and 0-8 mV, with fuse 
inserted ; and 5 mV open contact, greased, without fuse 
inserted, and 0-75 mV, with fuse inserted. These figures 
clearly show the protection afforded by grease in this very 
corrosive atmosphere. On their external surfaces, these 
components suffered considerable attack, their colour 
being dark-blue and black, both on ungreased and greased 
components. 
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Boundary-Layer Measurements at Supersonic-Nozzle 


ts. 
by M. SIBULKIN. (From Journal of the Aeronautical 
Sciences, U.S.A., Vol. 24, No. 4, April 1957, pp. 249- 

252, 264, 8 illustrations.) 

Tue use of the momentum-integral-equation method of 
calculating the boundary-layer thickness corrections for 
wind-tunnel nozzle contours is widely known and has 
been partially confirmed by experiment. More recently, 
the boundary-layer integral equations have been used to 
calculate the heat transfer to wind-tunnel and rocket- 
nozzle walls. In these cases, the region of greatest interest 
is the nozzle throat, since the heat-transfer rates are 
greatest there. An intermediate step in calculating local 
heat-transfer rates is the determination of the local 
boundary-layer momentum thickness. Consequently, 
measurements were made at several supersonic-nozzle 
throats to study the boundary layers there and to test the 
yalues of predicted throat momentum thickness. 

As described in this paper, wall-static-pressure 
measurements and boundary-layer pitot-pressure surveys 
were made near the throat of a flexible-wall supersonic- 
wind-tunnel nozzle at three settings, with throat 
radii of curvature from 33 to 59 in. It was found 
that the longitudinal static-pressure gradient at the 
nozzle throat calculated from one-dimensional flow 
theory agreed with the measured wall-static-pressure 
gradient. The boundary-layer velocity profiles at the 
nozzle throat are presented and discussed. The boundary 
layers were turbulent and 0-046 to 0-107 in. thick. It was 
found that the boundary-layer momentum thickness at 
the nozzle throat calculated, using the momentum integral 
equation and several approximations, agrees with the 
values determined from the measured boundary-layer 
profiles. Finally, it was noted that, in spite of the different 
slatic-pressure graci2nts, the boundary-layer velocity 
profiles for the different nozzle settings are similar, and 
it is shown analytically that this similarity is to be 
expected. 


Pressure-Induced Diffusion and Deformation during 
Precipitation Processes. 
By M. HILLERT. (From Jernkontorets Annaler, Sweden, 

Vol. 141, No. 2, 1957, pp. 67-89, 2 illustrations.) 

Most processes in physical metallurgy are treated as if 
they took place under uniform temperature and pressure. 
Metals are good thermal conductors, and the assumption 
of uniform temperature is therefore justified in most 
cases. Often, the assumption of uniform pressure, on the 
other hand. does not seem justified, in view of the high 
mechanical strength of solid metals. In the present paper 
itis shown how pressure differences are originated during 
solid-state precipitation processes, and the effect of such 
differences on the course of the process is examined in 
some detail. Only binary systems are considered, in order 
‘0 simplify the treatment as much as possible. 

As a result of the investigations discussed in this 
paper, it is suggested that the diffusion flow of a com- 
Ponent in non-isobaric systems is proportional to the 
activity gradient. An expression for the pressure de- 
pendence of activity is derived, and the difference in 
Youme between a precipitate and the transformed part 
of the matrix is calculated. It is concluded that the 
Pecipitate is growing under a hydrostatic pressure, if this 
difference is positive. In addition, formulae are derived 
for the vo!ume supplied by mechanical deformation due 
‘osuch a pressure and for the deformation energy. Three 
MAY, 
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different assumptions regarding the mechanical behaviour 
of the matrix are used, i.e., the elastic, the ideally plastic, 
and a creep model. The hydrostatic pressure and the 
growth rate of a spherical precipitate are calculated. The 
usual kinetic law, dr2/dt = constant, is found for the 
elastic and the ideally plastic models, when the interfacial 
energy is negligible. For the creep model it is found that 
there are shifts in rate-controlling mechanism at certain 
particle sizes, and at the same time a shift in kinetic law. 
When the rate-controlling mechanism is diffusion, the 
kinetic law is dr2/dt = constant, and when the control is 
shifted to a creep mechanism, the law is changed to 
d loger/dt = constant. The creep model is applied to the 
growth rate of graphite in steel, and the effect of the 
alloying elements Mo and Cr is calculated. Comparison 
with experiments shows good agreement. 

It is suggested that diffusion of carbon is the rate- 
controlling process for the growth of graphite in cast iron 
when the graphite particles are large. At a smaller particle 
size, the necessary deformation of the austenite by creep 
plays some role. 


Compressible Gas Flow in Commercial Pipes. 

By B. MILLs and B. N. Coe. (From an advance copy of a 
paper submitted to The Institution of Mechanical 
Engineers, London, May 1957, 18 pages, 16 illustra- 
tions.) 

THE literature of incompressible steady flow through 

circular pipes is by now very extensive, and is reasonably 

complete for the purposes of most engineering applica- 
tions. Very little attention, however, seems to have been 
given to the correlation between what may be called the 
hydrodynamic surface roughness and actual direct 
measurements of surface roughness. Outstanding among 
the earlier experimental inquiries into the case of com- 
pressible gas flow through round pipes was that due to 

Keenan and Neumann in 1946 ; the conclusion reached, 

for subsonic adiabatic flow in hydraulically smooth 

pipes, was that frictional losses were independent of 

Mach number, and depended only upon Reynolds number 

in a manner identical with that for incompressible flow. 

So far as the present authors are aware, however, no 

enquiry has yet been made into the compressible-flow 

characteristics of commercial grades of piping. in which 
surface-roughness effects may be considerable. This 

omission has meant in many cases that the pipework of a 

compressed air installation has received only a fraction 

of the true design consideration devoted to the com- 
pressor plant itself, despite the fact that the pipework 
may frequently have represented the major capital outlay. 

With these observations in mind, the following main 
purposes were undertaken : (a) ‘10 discover how far the 
findings of Keenan and Neumann might be extended 
into the range of appreciable wall roughness as exhibited 
by commercial grades of pipe ; (b) to correlate the results 
of compressible flow tests on such grades of pipe with 
existing information on incompressible flow and with 
direct measurements of surface roughness ; and (c) to 

revise the theory of steady, compressible flow in a 

manner suitable for speedy use in design calculations. 

The investigation has been restricted mainly to adiabatic 

and subsonic flow. 

From the results of the investigation described in this 
paper, the following conclusions are drawn :— 

(1) For the compressible, subsonic flow of a gas ina 
pipeline of commercial degree of roughness, the value of 

Darcy’s friction factor f depends on Reynolds number 
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exactly as for incompressible flow, and is independent of 
Mach number. ; 

(2) If a pipeline is made up from sections of greatly 
varying roughness, while the order of assembly of the 
sections will have no effect upon the overall pressure loss, 
the pipeline as a whole may be expected to show an 
apparent decrease in effective mean roughness (as inter- 
preted in the light of the Colebrook-White equation) as 
Reynolds number increases. aie 

(3) Using such facilities as those proposed in this 
investigation, calculations of compressible, adiabatic 
fow may be performed rapidly and with good accuracy 
incases where macroscopic roughness variation is small. 
Under specific conditions, a given pipe will possess de- 
finite maxima for both fluid-carrying capacity and power- 
transmission capacity, each of which may be assessed 
quickly by methods provided. : 

(4) In cases where a substantial departure from the 
adiabatic condition must be faced, a correction, based on 
an assumed linear variation of stagnation temperature 
along the pipe, may, in the circumstances, prove to be 
the most manageable. 

(5) Adequate correlation exists between the roughness 
ratio k/d, as used in the Colebrook-White equation and a 
similar ratio to be evaluated by the centre-line-average 
method from records of direct surface measurement. In 
assessing the latter ratio, as many traces as possible should 
be used, in order to allow for macroscopic variations of 
roughness. The authors suggest that a C.L.A. integrating 
surface meter, giving a direct reading of the C.L.A. index, 
could save much time in making such an assessment, as 
planimeter work would thereby be eliminated. 


Diesel-Engine Lubricants and Oil Alkalinity. 
By A. Dyson, L. J. RICHARDS, and K. R. WILLIAMS. 
(From a paper presented at a meeting of The Institution 
of Mechanical Engineers, London, May 17, 1957, 16 
pages, 15 illustrations.) 
THE main functions of heavy-duty lubricating-oil addi- 
tives are to control engine fouling, bearing corrosion, 
and wear of liners and piston rings. Alkalinity is desir- 
able for the control of wear and is one of the major 
requirements for the avoidance of piston fouling, when 
conventional organo-metallic additives are used. Ina 
well-balanced oil, sufficient dispersive power and oxida- 
tion stability may be incorporated to ensure adequate 
piston cleanliness and freedom from bearing corrosion, 
provided that the alkalinity level is satisfactory. 
As pointed out in this paper, the alkalinity level falls 
during service and, for satisfactory performance with 
certain types of additive in common use, must be kept 
above a minimum value. For these additives equations 
are given which enable the variation of the alkalinity 
_ evel with time in given circumstances to be predicted 
» approximately. The most satisfactory arrangement is 
» (0 use an oil containing sufficient alkalinity, so that the 
_ concentration never falls below the critical value. The 
 oil-change period is then determined by other considera- 
lions, €.g., contamination with abrasives. If an oil of 
_ lower alkalinity-concentration is used, then the equations 
developed permit an approximate estimate of the oil- 
change period, determined solely from the aspect of 
additive effectiveness. The application of these results 
{0 engines with separate cylinder lubrication is discussed. 
» Thus, oils and, where appropriate, oil-change periods 
' pa be selected on a rational basis instead of by trial and 
| error. 
| lt is considered definitely possible to relate additive 
© depletion t- various engine-design and engine-operating 
t factors an” thereby ensure satisfactory results with 
) additive-ty-> lubricants. Furthermore, it is shown that, 
: when heay luty oils are used over extended periods, the 
} deteriorati . in engine condition is not necessarily a 
‘eSS permitting considerable latitude in oil- 
¢, but may be a relatively rapid one which 
atastrophic results in severely rated engines. 
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The proper selection of oils and oil-change periods is 
therefore very important. 

The initial rate of neutralization depends on the fuel- 
sulphur throughout but, after the engine has been running 
for some time, alkalinity concentration depends strongly 
on oil-consumption rate. Two-stroke engines and four- 
stroke engines with prechambers give higher neutraliza- 
tion rates than four-stroke direct-injection engines. Thus, 
the neutralization rate tends to increase with increasing 
combustion-chamber swirl. The results are only approxi- 
mate, but have already proved successful in predicting 
engine-oil requirements. It is interesting to note that the 
oil-change periods calculated from the above considera- 
tions have nearly always been in line with the recommend- 
ations of engine manufacturers. However, such recom- 
mendations are of necessity general in nature, and the 
methods described in this paper make it possible to take 
into account the particular circumstances of a given 
engine, thereby permitting the most economic application 
of the lubricating oil. Further evidence is being accumu- 
lated continuously, and it is hoped that predictions may 
eventually be made with greater accuracy ; for this 
purpose, however, it may well be necessary to take into 
account detailed factors in engine design to an extent 
not possible at the present moment. 

Finally, it is suggested that the differences of rates of 
depletion with different types of combustion system merit 
further examination and consideration by engine de- 
signers. 


Brittle-Fracture Propagation in Wide Steel Plates. 

By W. J. HALL, R. J. MosporG, and V. J. MCDONALD. 
(From The Welding Journal, U.S.A., Vol. 36, No. 1, 
January 1957, pp. Is—8s, 13 illustrations.) 

IT is well known that steel may fracture in a brittle man- 
ner under certain conditions, but, in many applications, 
the probability of brittle fracture may be minimized by 
giving proper attention to such variables as type of 
material, geometry, temperature, and stress level. Also, 
in selected applications, it is now possible effectively to 
use crack arresters, which may retard or stop the propa- 
gation of a brittle fracture. However, a clear under- 
standing of the brittle-fracture mechanism is still unavail- 
able and needed for the eventual development of satis- 
factory design procedures. 

The object of the investigation described in this paper 
is to study the propagation of brittle fractures in wide 
steel plates. Initiation, propagation, and occasionally 
arrest may be considered as three interrelated stages of 
the brittle-fracture process. Although the interrelation- 
ship prohibits a completely independent study of any one 
stage, the large-scale specimen helps to separate the 
various stages to some degree. In this study, the method 
of initiation may not be too important, if the starting 
technique can be shown to have little effect on the plate 
behaviour during fracture propagation. 

The first major problem of this programme was to 
decide what should be measured and in what manner it 
might be accomplished. After a thorough study of the 
problem, it was decided that crack speed and strain 
distribution in the plate should be investigated initially. 
Little of the brittle-fracture work reported previously has 
included high-speed measurements during propagation. 
Thus far in the programme, tests have been made on two 
sizes of specimens and most of these specimens have been 
instrumented to measure strain response and crack speed. 

Fracture initiation studies and instrumentation are 
described primarily for the benefit of other investigators. 
Striking tests, made on several specimens which did not 
fracture, indicate that small strain changes were produced 
by the notch-wedge-impact method of fracture initiation. 
A typical test record from plates, 2 and 6 ft in width, 
is presented to illustrate the type of data obtained from 
these tests. General observations relating to strain 
response, crack speed, and fracture appearance are 
presented. 
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New Materials, Processes, and Equipment 





AUTOMATIC LATHE WITH FEED-BACK 
CONTROL F 

Featuring automatic handling, chip disposal, gauging, 
orting of workpieces, and tool adjustment, the oper- 
ion of the new “ self-resetting’’ automatic lathe de- 
eloped by the Jones & Lamson Machine Company, of 
Springfield, Vermont, closely approaches that of a con- 
inyous process control, anticipating the possibility of the 
rocess exceeding permissible limits by instituting 
orrections in advance. 


Workpieces are handled by automatic transfer arms 
and are turned by a flat carbide disc-type cutting tool 
mounted on the carriage. Chamfering tools are mounted 
on the back-arm. The turning tool is automatically 

j i i.e., it can be moved in and out 


(0002 in., or it can be rotated in 100 steps, so as to use 
theentire periphery of the cutting edge. Sorting of work- 
pieces is accomplished by trapping the finished piece at a 
roll-over station on the delivery conveyor and depositing 
itinto the appropriate station, according to whether it is 
satisfactory, Oversize, or undersize. Gauging is effected 
by means of a proximity gauge mounted on the back- 
am of the lathe, while the piece, is still rotating. 


ELECTRONIC COLOUR-PRINTING CAMERA 

A new electronic device intended to simplify con- 
siderably colour-printing processes is announced by 
Hadley Telephone and Sound Systems Ltd., of Smeth- 
wick, Birmingham. Designated the H.P.K. Autoscan, 
the new apparatus may be considered as a reproduction 
camera with an electronically controlled light output for 
scanning coloured copy and for producing colour- and 
tone-corrected separation negatives. 

It should be understood that the Autoscan is not a 
conventional electronic scanner of the type already well 
known in process engraving, in which a printing block is 
produced by means of a stylus cutting into plastic or 
metal. On the contrary, it is a direct contribution to the 
problem of producing colour-corrected negatives which 
do not need excessive retouching, such negatives being 
produced in the Autoscan by a special system of colour 
and density control. A great advantage is that no attempt 
smade to record unsuitable densities and then to correct 
tlectronica'!y; instead, a highly sensitive beam scans the 
coloured or:ginal, and the impulses are recorded directly 
on a photeraphic plate. 

The eqrpment can be used for reflection copies, such 
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as oil paintings, water-colours and combination drawings, 
and for colour-reproduction prints of all kinds. The 
maximum size of copy is 24 x 24 in., with a maximum 
negative size of 20 x 16 in. Enlargements up to 1} 
diameters, and reductions down to one-third can be 
made. No special darkroom is needed, and the apparatus 
is suitable for any normal reproduction colour process. 


TORSIONAL VIBRATION PICK-UP 

Designed to measure the amplitude of torsional 
oscillation or cyclic variation at the free end of a shaft, 
the new model G218 torsional vibration pick-up, an- 
nounced by Southern Instruments Oscillograph Division, 
of Camberley, Surrey, is particularly applicable to internal 
combustion engine crankshafts and camshafts, gearing 
systems, machine-tool drives, and all types of shafting. 

In this instrument, which was shown at the recent 
Physical Society Exhibition, a powerful permanent 
magnet forms the seismic inertia, which is mounted in 
precision bearings inside a casing attached to the fixing 
flange of the pick-up. A copper cylinder, surrounded bya 
steel shell, encloses the magnet, and the magnetic forces 
between these members and.the magnet itself provide the 
elastic coupling and the damping necessary. When the 
pick-up is fixed to a shaft which is rotating non-uniformly 
or oscillating, the seismic inertia tends to rotate at uni- 
form velocity or to remain stationary. The angular 
movement between the inertia and the casing is detected 
by a probe moving into an inductor fixed to the case of the 
unit. This inductor is connected to the inner coil of a 
concentric pair forming the coupling unit. The outer 
coil, wired to the output connector, is mounted on bearing 
and is thus free to remain stationary when the rest of the 
unit is rotating. The sensing element is designed for use 
with a special FM amplifier system. In this case, the 
output of the FM pre-amplifier is directly proportional to 
amplitude of oscillation and may thus be applied to an 
oscillograph, analyser, or voltmeter, to enable accurate 
measurements to be made throughout the frequency 
range, without the need for integrating stages or cali- 
bration curves. The pick-up is practically insensitive to 
linear vibrations in any plane. 


The pick-up may be calibrated by detaching part of 
the cover and fitting the calibrating jig provided. A 
micrometer on the jig enables the inertia to be displaced 
through small angles relative to the casing. The pick-up 
and its associated amplifier and recording equipment 
can then be accurately statically calibrated throughout, 
immediately prior to or following a test, with the pick-up 
in its operating position. 
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SMALL VACUUM FORMING MACHINE 
FOR PLASTICS 

Primarily designed for prototype and short-run pro- 
duction, a new small vacuum forming machine for 
plastics, developed by M. L. Shelley & Partners Ltd., of 
London, S.W.5, is of neat and simple design and occupies 
relatively little floor space. Mounted on the base is a 
|-hp electric motor, driving a vacuum pump which 
exhausts the pedestal column forming the vacuum 
reservoir. At the top of the column is the working sur- 
face, on which is mounted the mould box, with a mould 
area of 12 X 12 in. A 1250-W electric heater is supported 
by a threaded tube and is adjustable for height. The 
clamping frame is adjustable and is locked by a toggle 
clamp, thus permitting different heights of mould box to 


} be used. 





In operation, a sheet of plastic is laid on top of the 
mould box and is clamped by the frame to form an air 
seal, The heater is then brought over the sheet and, after 
a predetermined period, the box is exhausted, drawing 
the sheet into or over a mould. The heater is then swung 
clear, the clamp released, and the sheet removed and 
trimmed. 


BALANCED-VANE HYDRAULIC PUMPS 
A new series of balanced-vane hydraulic pumps for 





Ly 





continuous service at 2000 psi and supplying rated 
deliveries of up to 100 U.S. gpm at speeds up to 1800 
rpm is announced by the Denison Engineering Division, 
American Brake Shoe Company. Known as the “ T” 
series, these pumps, which feature an exclusive hydraulic- 
ally balanced vane, are available with either clockwise or 
counterclockwise shaft rotation, the direction of rotation 
being easily changed by indexing a cam-ring to a dowel- 
pin hole, with an arrow indicating the desired rotation. 
The pump, an exploded view of which is illustrated, 
consists of a housing which provides an outlet con- 
nection, a bore for supporting the shaft bearing and shaft 
assembly, and a larger bore which contains a floating 
pumping cartridge, comprising a front-port plate, vane, 


rotor, an“: cam-ring assembly, and a rear-port plate with 
a shaft-end support bearing. By providing maximum 
shaft su» ort, the bearings permit the pump to be used 
In app! itions with higher shaft side-loading. As the 
port pleies are not a part of the pump housing, the 
inlet-pe _ plate and the pressure-discharge port plate are 
constri' >d of a material specially selected to give maxi- 
mum re stance to wear. However, should it be necessary 
to rep’ 2 these plates, this can be effected easily by 
/ MAY 1957 — Volume 18, No. 5 


removing the end cap and sliding out the cartridge. To 
provide the requisite clamping force on the pumping 
cartridge, the pressure-loaded port plate is designed in 
such a way that the clamping force is always slightly 
greater than the deflecting or spreading force. 





H 

Additional gains in efficiencies have been obtained as 
a result of the fully balanced design, not only of the 
rotor, but of the vanes themselves. The balanced vane is 
achieved by a construction which permits the vane to 
be open at both ends to pressure on the pressure stroke, 
and to suction on the suction stroke. Other advantages 
of these pumps include trouble-free starting under any 
weather conditions and ease of mounting. In this con- 
nection, the pump may be face-, foot-, or flange-mounted 
in any of four positions on its mounting bracket, while the 
suction inlet port can be assembled in numerous selected 
positions relative to the pressure delivery port. 


AIR-COOLED ROTARY COMPRESSORS 

Completing the range of smaller machines made by 
Alfred Bullows & Sons, Whittaker, Hall & Co. Ltd., of 
Radcliffe, Manchester, announce a range of larger sizes 
of oil-vane or ‘* Hydrovane ’’ compressors, with capacities 
up to 600 cfm. These compressors are completely air- 
cooled and self-contained and, being flange-connected 
to motors, do not require any further alignment after 
mounting on simple foundations. 





These larger models of Hydrovane compressor (a 
600-cfm model is illustrated) comprise two stages of 
compression, each with its own pressure-lubrication and 
cooling system acting also as the sealing medium. No 
circulating pumps or valves are required and, as they are 
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designed as a complete unit, they are free from any 
external pipe-work or accessories. Oil separation is in 
three stages, with full-flow filtering, the discharged air 
being virtually oil-free at temperatures which are lower 
than those previously obtained with any other type of 
compressor. Furthermore, there are fewer moving parts, 
and wear is negligible, owing to the copious oil supply. 
The oil circuits are self-draining, and damage from oil 
locks is impossible. Volume control is effected by means 
of a modulating suction valve, permitting the compressor 
to be regulated without the use of large-capacity re- 
ceivers, while the starting characteristics are such that 
squirrel-cage motors can safely be used with star-delta 
‘Gines H starting. 


MINIATURE HIGH-POWER MICROSCOPE 

Primarily designed for research and general-purpose 
work, but with a wide range of application in industrial 
investigations, the McArthur microscope, announced by 
McArthur Microscopes Limited, of London, W.1, is of 
completely revolutionary design. Despite the fact that it 
is about the size of a miniature camera, measuring only 
4x 24 x 2 in., and weighing only 18 oz, it utilizes 
standard eyepieces and objectives and a standard tube- 
length, has a range of magnification between x25 and 
x 1500, and yields an image identical in quality with that 
of the largest conventional optical microscope. Further- 
more, its portability renders it particularly appropriate 
for field work, while its rigid construction from a single 
rectangular block of metal enables it to be used with the 
highest powers in the hand, even in a moving vehicle or 
under conditions of vibration. 

The microscope carries three standard Cooke ob- 
jectives, including oil-immersion, and a standard eye- 
piece. A conventional condenser with iris is employed, 
while a special prismatic system provides the necessary 
tube-length and contributes to the reduced dimensions 
and weight of the whole instrument. The optical prin- 
ciple is simple: Light enters the instrument from above, 
either by a mirror from an external source, or directly via 
a built-in illuminator. The beam of light passes vertically 
downwards through the condenser to the object, and 
thence through the upwardly directed objective. It is 
then reflected horizontally along the base of the micro- 
scope, and finally upwards through the eyepiece. This 
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The three parfocal objectives, a wide range of which 
is available, are mounted in a straight line on a sliding 
plate and, as they are in practically permanent adjust- 
ment, with only a small degree of fine adjustment to com- 
pensate for different specimen thicknesses, there can be an 
immediate interchange of different series of such 
objectives. Moreover, since the objectives are always in 
focus, condensers can also always be in focus, and, in 
this connection, there is a series of condensers available, 
including a 2-lens Abbé, a dry achromat, an oil-immersion 
achromat, and an oil-immersion dark-ground condenser, 
each of which can be accurately and permanently centered 
and prefocused, so as to be in immediate adjustment as 
soon as it is dropped into place. 

A full range of accessories is available, all intended for 
easy and efficient mounting on the standard basic instru- 
ment, and includes photomicrographic equipment, 
gliding stage, binocular eyepiece tube, and polarizing 
equipment. 


WELDED STEEL PRESSURE CAPSULES 

In place of the more traditional copper alloys hitherto 
used because of their ease of soldering or brazing, spring 
steel, stainless steels, and the Nimonic alloys are, as the 
result of the development of new production techniques, 
now being used by Kelvin & Hughes Ltd., of Barking- 
side, Essex, in the manufacture of pressure capsules. In 
this way, the limitations of copper capsules have been 
very largely overcome. 





Among other advantages derived trom tne use of these 
new capsules, with their welded steel diaphragms, are 
lower hysteresis; the ability to use corrosion-resistant 
materials; higher sensitivity and overload capacity; 
improved joint strength, permitting higher differential 
pressures to be withstood; considerably increased work- 
ing temperatures; and flangeless construction, with a 
consequent reduction of waste space. 


RELAY ASSEMBLY KIT FOR EXPERIMENTAL 
PURPOSES 

An interesting solution to the problem of obtaining 
* one-off ’’ relays for experimental or development pur- 
poses is provided by a special relay kit produced by 
Stevenage Relays Limited, of Stevenage, Herts. This 
kit makes it possible to assemble rapidly and easily a 
particular relay to satisfy a given set of conditions, so 
that it can be subjected to experiments and modified, if 
necessary, and then reassembled until a design of pro- 
duction standard has been evolved. In short, the kit 
enables development engineers to be versatile in their 
use of relays and to continue projects without unneces- 
sary delays. 

Basically, the kit -»mprises seven different relay coils, 
complete with yokes and armatures, and a selection of 
stacks designed to cover most possible applications. 
Half of these stacks have light-duty silver contacts, and 
the other half heavy-duty Elkonite. All the light-duty 
stacks are change-overs, thus permitting their use as 
makes and breaks. Included with the stacks is a suitable 
variety of screws and buffer blocks, while, to assist in 
assembly and setting, a suitable screwdriver and box 
spanner, together with a pair of relay-setting pliers, are 
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Indecision is not an uncommon failing. 
Indeed, many of us in one direction 
or another will continue to dither, even 
when faced with indisputable facts. 


For instance, it may be perfectly obvious 
that the tapping screw offers many 
advantages over the conventional 
machine screw ; that it eliminates 

costly thread cutting operations all along 
the production line ; that it ensures 
easier assembly ; that for joining metal, 
wood or plastic, it is stronger, 

cheaper and faster. 


Such facts being recognised and 
accepted, that the tapping screw makes 

a stronger, swifter, cheaper, easier, 

safer and better-looking product — in 
any material, there seems but one 

course of action. You're right. Change 
over to tapping screws ! Still undecided ! 
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supplied. In addition, a booklet is furnished with the 
kit, giving guidance in the assembly and design of relays, 
so as to avoid the incorporation in equipment of relays 
which are so marginal as to be unrepeatable in bulk 
production. 

By means of this kit, prototype test equipment can be 
“bread-boarded’’ on the spot, and demonstration 
equipment can easily be made by selection of appropriate 
coil and stack arrangements, the only delay in producing 
a “one-off ’’ relay being the time required to assemble 
and set the contacts. 


PORTABLE LOVIBOND COLORIMETER 

Intended for use wherever surface colours are to be 
matched and recorded in figures, a new compact colori- 
meter, shown at the recent Physical Society Exhibition, 
London, is announced by The Tintometer Limited, of 
Salisbury. Designated the Lovibond Hand Tintometer, 
the new instrument enables exact records of colour 
changes to be kept with any type of surface colour, and is 
especially useful in applications where the sample cannot 
be taken to the laboratory for tests, but must be examined 
on the spot. 

The colorimeter basically consists of a machined 
aluminium casting with a pistol-type handle, and a suit- 
able selection of Lovibond glass slides in rotatable discs, 
each of which contains up to nine colour standards. Three 
krypton-filled lamps inside the instrument illuminate the 
sample and also a reference surface of white magnesium 
oxide, so that, when the operator looks through the 

en er : 
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eyepiece, a circular field, divided vertically, is seen, one 
division being the colour under examination, and the 
other the white standard background, with glasses inter- 
posed, as desired. In addition, a special rotatable colour- 
wheel is provided, this being fitted with neutral-tint 
glasses which can, if required, be superimposed over the 
sample if it is too bright to be matched directly. With 
experience, it is possible to repeat results with very 
satisfactory regularity. From the readings obtained, the 
original colour can be reconstructed at any time, enabling 
comparisons to be made with other samples or with the 
same sample. 

The instrument, which operates on 12 V, is supplied 
complete with a carrying case, in which is fitted a trans- 
former, so that it may be plugged into the mains. A roll 
of magnesium ribbon is included, for recoating the white 
background with magnesium oxide. 


HIGH-STABILITY WIDE-BAND PNEUMATIC 
CONTROLLER 

Featuring high stability of control action, without loss 
of sensitivity, coupled with a wide proportional band, the 
new Series 500 controller announced by The Bristol 
Company, of Waterbury, Conn., is eminently suitable for 
measuring and controlling such variables as pressure, 
vacuum, temperature, liquid level, flow, differential 
pressure, and mechanical motion. Control modes avail- 
able include narrow-band (on-off), proportional, reset, 
derivative, and reset plus derivative. Models for cascade, 
selective, and ratio control, as well as for programme 
control, are also available. 





Design features of the new controller are wide pro- 
portional band width (4 to 400%), with easy shift in 
width, full zero derivative setting on the triple-mode 
controller, reset-action stops for prolonged deviation 
from set point under severe load changes, easy reversal 
of action, and a precision linkage arrangement, permit- 
ting complete disassembly and recalibration with only 
one adjustment. 


PORTABLE PHASE-SEQUENCE INDICATOR 

Designed for checking polyphase instruments, alter- 
nators, motors, etc.. to ensure that they are connected 
correctly, the new portable phase-sequence indicator 
announced by The English Electric Company Limited, of 
Stafford, is of compact construction, weighing only 14 oz 
complete with leather case. Basically, the instrument is a 
simple induction motor, with a conventional three-phase 





ERRATUM 
On page 177 of our issue of April 1957, our description of the 
E.M.I. Electro-Oculographic Eye-Movement Measuring Apparatus 
erroneously stated that the eye voltages concerned are of the order 
of 0°0005 microvolt. This figure should have been 25 microvolts. 
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stator winding and a rotor in the form of a pivoted light- 
alloy disc. When the leads are connected in the sequence 
red, yellow, and blue, the disc, clearly marked with an 
arrow, revolves in the conventional anticlockwise 
direction. 

Robust leads, 3 ft in length, are led from the plastic 
case of the instrument through a transparent protective 
sleeve and terminate in strong insulated spring clips, 
designed to protect the operator when making con- 
nections. The indicator can remain in its case when in 
use, the dial being exposed by folding back a small flap. 
The leads are accessible through an additional flap at the 
bottom of the case. Rated at 50 to 600 V at 20 to 400 cps, 
the instrument, which can easily be carried in the pocket, 
can be left in circuit for 30 sec at the highest voltage. 


MINIATURE A.C. AUTOMATIC TAP CHANGERS 

Providing an inexpensive, compact, and reliable 
method of bringing widely varying mains voltages within 
limits acceptable for most types of electronic and elec- 
trically powered equipment, the new miniature a.c. 
automatic tap changers announced by Claude Lyons 
Ltd., of Hoddesdon, Herts., are so designed that the 
output voltage always remains within + 5% of the 
declared value for input variations as high as — 20% to 
+ 10%, thereby covering all likely fluctuations in mains 
voltage. 





These tap-changing transformers are provided with 
three output taps, the appropriate tap to be used being 
selected by two relay-operated microswitches. The relays 
are Operated by an electronic sensor unit, which compares 
a rectified sample of the input voltage with a stable refer- 
ence voltage produced by a miniature voltage-regulator 
valve. * he output waveferm is free from distortion, while 
the accr'racy of control is unaffected by wide frequency 
varlaticns (45 to 65 cps) and is fully maintained from no- 
load te ‘ull load. Efficieacy is high, power consumption 
being cnly about 15 W. 

> tap changers are made in two basic sizes, rated 
at 2} ° 45 A for voltages between 200 and 250 V, and 5 
and I’; \ for voltages between 100 and 125 V. All types 
are ay able as chassis or as convenient complete units. 
MAY 
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A range of accessory transformers greatly increases their 
usefulness. The illustration shows an uncased model, 
suitable for incorporation into existing equipment. 
Installation is extremely simple, consisting merely of 
screwing the baseplate of the unit, which is mounted by 
four bolts only, to the chassis of the equipment. 


ELECTROLYTIC POLISHER FOR 
METALLOGRAPHIC SPECIMENS 

Simple and flexible in use, and designed to ensure 
reliable trouble-free operation, a new electrolytic polisher 
for metallographic specimens, developed by Nash and 
Thompson Limited, of Chessington, Surrey, comprises a 
free-standing magnetic-stirrer assembly and a control 
cabinet containing the necessary electrical equipment for 
producing a highly smoothed d.c. voltage across the 
electrodes. 

Provision is made for connecting one or two magnetic 
stirrers to the front of the cabinet, stirring speed being 
regulated by means of a control knob mounted in the 
base of each. Each stirrer accepts a standard 1000-ml 











beaker, one containing the electrolyte and the other 
water for washing the specimen immediately after 
polishing. On the top rim of the electrolytic beaker is 
fitted a moulded polythene cap containing the two elec- 
trodes, which take the form of quick-release clips. This 
electrode cap is connected to the cabinet by a flexible 
cable and can be very quickly transferred to the washing- 
water beaker at the end of the polishing cycle, thus mini- 
mizing the possibility of unwanted chemical etching or 
staining of the specimen. This very flexible arrangement 
lends itself to very efficient operation, as it is possible to 
replace the electrolyte beaker with another extremely 
quickly, so that a number of different metals can be 
polished by several operators using the instrument in 
quick rotation. 

In addition to electrolytic polishing, the apparatus 
can be used for other processes requiring a d.c. potential, 
e.g., in laboratory-scale investigations of electroplating 
and anodizing techniques. 





New Torque-Meter with 
Dynamometer Ring 


(Concluded from page 208) 
meter unit, and the slip-rings do not have to be mounted 
inside the unit, as shown in Fig. 2, but can be fitted at 
one end of the drive, if desired. 

With regard to dynamic behaviour, this torque- 
measuring unit, depending on size and the materials used, 
has a natural frequency between 100 and 2500 cps in 
torsion, and a bending frequency between 1200 and 3500 
cps. If required, even higher natural or resonant fre- 
quencies can be obtained by using particularly rigid rings. 
The dynamometer can be used to determine values of 
transmission torque with an accuracy of +2% but, if 
special precautions are taken during testing, it is possible 
to achieve an accuracy of + 0°5%. 
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joins the cZhustinlite rotary switches 


This new switch is identical in principle to the well 
established A50 and Ago rotary switches. It has the 
same rolling, self-cleaning contacts with extended 
horns to keep any arcing away from the contact 
faces—a feature exclusive to Austinlite rotary 
switches. It has a similarly powerful and positive 
switch mechanism, and can be built in the 
same variety of forms to switch in sequence or 
simultaneously very large numbers of circuits. 
It is extremely compact, the smallest 

of the Austinlite multi-cell rotary switches. 
It bridges the gap between the A3o 
and the little single-cell 10-amp switch. 
Delivery, on standard applications, 


can now be made in four weeks. 


Our brochure “SIMPLIFIED SWITCHING” 
will tell you more about the advantages of Austinlite 
Rotary Switches. May we send you a copy’ 








c7tustinlite 


ROTARY SWITCHES 
tailor-made by 
STONE-CHANCE LTD. 


(Makers of Sumo Pumps and 
Stone-Chance lighthouses). Crawley, Sussex 


The four Austinlite Rotary Switches—A50, A30, A15 and Alo 
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INSTRUMENTS, ELECTRONICS & 


AUTOMATION EXHIBITION 


Promoted by five British Trade Associations and showing the products of some 200 British manufac- 


turers, 
1957, at Olympia, London. 


the Instruments, Electronics, & Automation Exhibition was held between May 
A small selection from the many items shown at this Exhibition is 


7 and 17, 


reviewed in the following pages. 


An interesting item of equipment, among others 
exhibited by Cinema Television Ltd., is their electronic 
photographic printer, designed principally to overcome 
the high-intensity variations existing in negatives pro- 
duced by aerial photography. These variations are caused 
both by the camera and by the illumination of the field, 
as well as by reflectances of the scene, obliques, cloud 
shadows, etc., and can be as high as 1- 5, or even, in ex- 
treme cases such as night negatives, up to 2-0. Owing to 
the inability of printing paper to reproduce faithfully the 
full range of densities present in the negative, the amount 
of information obtained from the print is therefore 
severely restricted, unless these variations are,equalized. 





The new equipment is basically a contact printer, but 
the light-source used is a cathode-ray tube, on which is 
produced a single spot of light, which is made to scan out 
a rectangular raster, in the same way as a television 
picture. The light is projected onto the negative by a 
suitable optical system, so that each small area of the 
negative is illuminated in sequence by the moving spot of 
light. The amount of light transmitted through the nega- 
tive and printing paper, which are in contact with one 
another, will naturally vary in accordance with the 
density variations of the negative, and this quantity of 
light is collected by a photo-electric cell positioned in an 
integrating cube. The output from the cell is amplified 
and fe back, to control the brightness of the spot of 
light ©» the cathode-ray tube, so that it decreases in 
— y as the less dense areas of the negative are scan- 
ned. I: this way, the effects of negative-density variations 
can b reduced to any desired value by control of the 
degree +f feedback employed. The complete equipment is 
constr’ ‘ed in console form and employs a vertically 
moun’: cathode-ray tube, on which is reproduced a 


raster. } in, square, projected by a suitable lens to fill a 
10 » n. printing plane at a working height of approxi- 
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mately 3 ft. A glass plate, 12 in. square and 3/16 in. thick, 
is recessed into the working top of the console and is 
supported on two sides by a spring mounting, so that 
even pressure is maintained between the negative and the 
paper and another glass plate fitted to the hinged inte- 
grating cube forming the top of the console. The photo- 
electric cell used is an eleven-stage multiplier with a flat- 
ended cathode of 1-75 in. diameter. 


Electronic batch counters making use of Dekatron 
tubes are being extensively used in control engineering, 
and exhibits from Elcontrol included a new batch counter 
of this type. The standard unit incorporates up to four 
counting stages and can be provided with a variety of in- 
put stages for picking up photo-electric signals, signals 
from external high-speed switches, externally generated 
pulses, etc. The basic unit can be supplied in forms suit- 
able for use as a batch counter, a process timer, and a 
time-measuring instrument. 

By making use of a recently introduced miniature 
photo-cell, Elcontrol are now producing a completely 
new range of photo-switches. The most important char- 
acteristic of these switches, which were also exhibited, is 
the extremely small size of the photo-head, which is 
housed in a cylindrical aluminium fitting only ? in. in 
diameter and 3 in. in length. The associated relay unit is 
also ——_ reduced in size, measuring approxi- 
mately 74 x 5}? x 5 in. Despite its small size, however, 
the chassis is fully withdrawable, thus greatly facilitating 
servicing and installation. These new units are parti- 
cularly suitable for use where limited viewing space is 
available and where a high degree of discrimination is 
required. For example, it is becoming increasingly com- 
mon to use this type of equipment for checking the 
presence of the workpiece before operating a multiple 
press, and conversely to check the presence of a tool, e.g., 
a broken drill on a multiple drilling machine. An addi- 
tional feature of great practical importance is that, with 
this type of unit, the viewing head can be connected by up 
to about 80 ft of cable from the amplifying unit. 

Other Elcontrol exhibits included two versions of their 
latest automatic control units, type FSD2, for gas-oil 
burners controlled by temperature or pressure, and a 
range of proximity switches for the level control of free- 
flowing solids and non-conductive liquids. 


Among other items, a new range of transistor-type 
electronic controllers was exhibited by Kelvin & Hughes 
Ltd. Employing a sensitive moving-coil microammeter 
in the measuring section, these instruments can be applied 
to any process in which the variable to be measured and 
controlled can be converted into a millivolt output. Its 
principal application, however, is in conjunction with a 
thermocouple or resistance thermometer for the 
measurement and control of temperature. Two-position, 
three-position, and proportional controllers are available. 

A new system of automatic ultrasonic testing, whereby 
precise ultrasonic testing can be carried out at high speed 
by automatic methods, was also demonstrated. Desig- 
nated ‘* Autosonics”’, this equipment overcomes many 
of the limitations of manual ultrasonic inspection, and 
provides a number of important advantages. Thus, a 
large volume of material can now be inspected rapidly at 
predetermined standards as part of a production line, 
while a series of stable electronic circuits provides for the 
operation of automatic alarms when defects are encoun- 
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Ruling the waves has been something of a habi: of 
Britannia’s for longer than we care to remember 
—birthplace of the Plimsoll line, the steam turbine, 
and Lloyd’s standards of construction, it is only fitiing 
that our maritime nation should come up with the 
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Yehe Magnetic Valve Company 


latest and greatest aid to man’s mastery of the ocean, 
the Radar screen. But this wonderful aid to seaman- 
ship is of no valueif the complicated control mechanism 
involved is unreliable or inaccurate. Control of 
anything, for that matter, must be reliable. The kind 
of efficient control that Magnetic Valves exercise, 
automatically or remotely, over air, steam, coal gas, 
oil or most other industrial liquids or gases. No 
glands, no stuffing boxes, no driving shafts either, 
but lots and lots (over 25 years) of experience built 
into them. Details of the standard range are available 
in our illustrated literature. Special valves up to 12 in. 
orifice can be supplied. 


Many valves available ex stock. 
Valves designed for special conditions. 





THE MAGNETIC “ R” TYPE SINGLE BEAT STOP VALVE 


The standard valve is provided with } in., ? in. or } in. B.S.P.T. 
Connections and */s, in. orifice (°/3. in. seat diameter) to operate 
on pressures up to 100 Ibs. per square inch. An increased size 
orifice can be arranged dependent upon the pressure to be 
controlled. This valve is suitable for controlling water, air, oil, 
gas, refrigerants, etc., and is adaptable to either straight or angle 
pattern. 
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PRECISION 


Greater productivity is only possible 
when the precision and accuracy of all jigs, 
fixtures and gauges are of the highest 
order. The modern specially laid out 
shops of G.P.A., allied to the finest 
standards of workmanship constitute your 
guarantee. We welcome your enquiries. 





G.P.A. TOOLS & GAUGES LTD. 


CONTROLLED BY SALFORD ELECTRICAL INSTRUMENTS LTD, A SUBSIDIARY OF THE GENERAL ELECTRIC CO, LTD. 
Registered Office and Works: 
HARPER ROAD, WYTHENSHAWE, MANCHESTER Tel. WYTHENSHAWE 2215 (3 lines) 


Grams: Pneutools, Phone Manchester. 
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Longitudinal Drive Unit 
Transverse Rail 


Longitudinal Carriage 


tered. The ultrasonic waves generated are transmitted 
into the material as a sequence of energy pulses by an 
inspection probe coupled to the surface of the material 
by a liquid, the complete sequence of events being shown 
on the screen of a cathode-ray tube. The automatic flaw 
alarm and recorder section operates visual or aural 
signals, etc. when a flaw indication is obtained on the 
screen, and can be adjusted to respond to indications 
from defect signals in any section or only to signals from 
separate narrow strata which can be set anywhere in the 
cross-section. Sensitivity can be adjusted so that it will 
respond to small or large indications, and the output from 
this section can be used to operate various recording 
systems, e.g., to provide a pian-position indication of any 
defect present in a plate. 

In the event of the selected monitor signal falling 
below its control level for any reason, an alarm will oper- 
ate and will stop the scanning machinery, remaining in 
operation until the fault is corrected, after which it can 
be reset. An important feature of the Autosonics equip- 
ment is that a predetermined scan or search plan is 
accurately followed by the probe system, thus ensuring 
that all information relevant to position and size of the 
defect in the specimen is indicated and recorded. Selec- 
tion of the type of scan and recorder is governed by the 
nature and position of the probable defects, the dimen- 
sions and shape of the specimen, and production condi- 
tions. The illustration shows a diagrammatic impression 
of an installation for the automatic detection of lamina- 
tions in steel plate by a gap-testing technique. 


A wide variety of equipment was exhibited by 
Evershed and Vignoles Ltd., ranging from a typical con- 
trol desk for the process industries and equipment for 
combustion control and chemical analysis down to 
* Megger * testing sets and a thickness gauge no larger 
than a pencil. New products included the Evershed elec- 
tronic process controller Mark 4, Tinsley polarographs, 
an Evershed miniature recorder Mark 2, a Megger low- 
resistance testing set (I.S.) Series 1, a simple computer, 
and a precision tank-gauge transmitter. 

Of t!:cse items, the new computer is a simple analogue 


comput xg device which provides a continuous and 
instatar. ous solution of algebraic equations occurring in 
the day ‘o-day operation of process controllers, boiler- 
contro! schemes, gas- or fuel-flow systems, etc. The 
Mput I" ormation to the computer is an electrical signal 
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Cs 
which requires no programming or processing, and the 
Output of suitable transducers, measuring devices, or 
manually controlled signal sources may be introduced 
directly as variables into the input to the computer. 
Similarly, the output i.e., the mathematical evaluation 
according to a predetermined formula of the variables 
and constants, can be employed directly as an operating 
signal for electro-mechanical control mechanisms, etc. It 
can also be displayed on indicating and recording instru- 
ments, if required. The computer may be completely 
integrated into a process-control scheme, evaluating 
continuously the variables and constants entering into 
the controlled process, and its output used to maintain 
the process in a desired manner. Alternatively, it may be 
used purely for display of the solution of algebraic 
equations of dynamic problems. 





Of the other new exhibits, the Evershed precision 
tank-gauge transmitter (illustrated) is intended for auto- 
matic gauging where measurement of interface level is 
required to the same accuracy as that of surface level. 
With this device, an accuracy of +0-1 in. is obtained, and 
all submergence errors caused by friction have been 
overcome by removing all loading from the level-sensing 
device, and by servo-operating the dial reading mechan- 
ism, so that the instrument is sensitive even to minute 
changes in the level being measured. 
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the bat knows what he’s at 


THERE are no bats in the bat’s belfry. Just a natural sort of radar. Sounds normally indistinguishable to the huan ear BF jn ch 
are emitted from the bat’s mouth and, echoing back from surrounding objects, give him the clue to his whereabouts. So beryll 
although Rhinolophus Hipposideros, the bat, does not see very well he can fly through the gathering darkness without F energ 
touching so much as a twig. Such accuracy is matched, in another sphere, by Dunlop engineering components, which are 
designed to give a calculated performance in a wide variety of industrial applications. Produced in rubber compounds of to be 
controlled elasticity or rigidity, they include bonded-to-metal anti-vibration mountings and flexible power-transmission 


couplings which are available in standard ranges. Special components in natural and synthetic rubbers can also be pro- 
t’ 
té 


: : : \ 
duced to a given specification. 





\ For advice in this field consult y ’ Dunlop Engineering Components Division. 
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‘energizing coil. I ! 
‘with two others, mounted on light flexible blades and 





_ high-impedance circuits. 





In addition to their comprehensive range of Com- 
mander-class instrumentation, including the recently 
introduced Commander KE self-balancing electronic 
temperature recorder, George Kent Ltd. exhibited their 
new synchronous converter (illustrated), which is basically 
a single-pole double-throw switch, operating continuously 
at mains frequency, and which is designed primarily for 
converting small direct currents into proportional alter- 
nating signals for easy drift-free amplification. It can also 
be used for the phase-sensitive rectification of small alter- 
nating currents or for both purposes simultaneously, e.g., 
in chopper-type d.c. amplifiers. 

In this converter, a soft-iron armature, carried on a 
beryllium-copper reed, is vibrated at mains frequency by 
the combined action of a permanent magnet and an 
Contacts attached to the reed engage 


preloaded inwards against adjustable stops, thus elimi- 
nating contact bounce and enabling the “ make ”’ periods 
to be preadjusted independently to any setting. Four 
standard settings are available, and the converters is 
available for operation on mains frequencies of 40, 50, 


© and 60 cps, construction differing only in the thickness 


of the central reed. Spurious effects are minimized by a 
combination of design features. Magnetic e.m.f. is kept 
well below 1 pV by means of a Mumetal shield around 





the coil, together with small and balanced internal circuit 
loops. Thermal e.m.f. is held to a similar level by a care- 
ful choice of materials, combined with a low coil dissipa- 
tion which reduces temperature gradients. Connection to 
the coil is by way of a separate plug and socket on the top 
of the unit, the coil being wound on a metal bobbin which 
screens it thoroughly from the contact members. These 
features combine to keep stray currents below about 
10-1! A and render the converter very suitable for use in 
Two additional contacts are 
provided, and these may be used to increase conversion 
efficiency at higher voltages, e.g., in rectifying circuits. 
The converter is protected by a dustproof can and fits a 
standard international octal socket. A retaining clamp is 
also available. 


Acomprehensive range of process-control instruments 
and automatic systems, covering variables such as 
‘emperature, pressure, vacuum, flow, level, humidity, 
liquid density, conductivity, capacity, and pH value, was 
exhibited by Foxboro-Yoxall Limited. The display 
featured indicators, recorders, controllers, transmitters, 
and their related sensing elements in different mountings, 
including their new type-13A differential-pressure cell 


_lfansmitter, a pneumatic temperature transmitter, and 


electronic “* Dynalogs ”’ with elements. 

A new magnetic flow-meter designed for fluids with 
electrical conductivity, such as corrosive acids, rayon 
viscose, sswage, rock and acid slurries, sand and water 
slurries, p»per-pulp stock, etc., was also exhibited. This 
flow-mete:: (illustrated) comprises a transmitter and a 

alog ‘ow receiver, which may be an indicator, a 
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recorder, etc. The flow scale is uniformly linear, and the 
meter has a range of 100 to 1. The transmitter consists 
of a stainless-steel tube through which the liquid passes, 
an electrical insulating liner on the inside of the tube, an 
electromagnet which induces a magnetic field across the 
tube, and two metallic electrodes which are essentially 
flush with the inside surface of the tube. The transmitters 
are available in line sizes from 2 to 8 in., suitable for flow 
rates between 0 and 2500 gpm, and 0 and 40,000 gpm. 
The measurement of reversing flows is easily obtained, 
and a totalizer may be included, either locally or remotely, 
to give flow totals in any desired units. The meter has no 
restrictions of the flow line, no loss of head, and no pres- 
sure taps, so that fluids are measured with sustained 
accuracy. 


Among their comprehensive range of equipment, an 
interesting exhibit from the Instrument Division of 
Associated Automation Ltd. was the steel-plate thickness 
meter illustrated. This portable instrument is capable of 
measuring the thickness, from one side only, of steel 
plates up to 0-25 in., with an accuracy of 5% of scale 
reading or 0-003 in., whichever is the greater; accuracy 
being unaffected by surface unevenness, corrosion, paint 
films, etc. up to 0-015 in. The standard meter may be 
used with curved plates and pipes of 3 in. diameter or 
larger, if the material thickness does not exceed 0-25 in., 
although tests have shown that the meter can be adapted 
for use with pipes of diameters less than 3 in. The meter 
can also be used for erosion comparison of metal thick- 
nesesses exceeding 0-25 in. The equipment comprises a 
measuring head, a control-box, and a battery, the control- 
box being externally mounted on the battery case. The 
measuring head is placed on the sample, a push switch in 
the handle is operated, and a meter reading taken when 
the pointer comes to rest, a comparison of the meter 
reading and a calibration curve showing the plate thick- 
ness. This calibration curve is provided for use on mild 
steel ; if other materials are used, another curve must be 
plotted, using the material concerned. 





Another exhibit from Associated Automation Ltd. 
was their microhardness tester, providing a method 
similar to the Vickers test. This instrument is supplied 
to fit a bench-type metallurgical microscope and is suit- 
able for carrying out indentation or scratch tests with a 
136-deg. pyramid indenter. 


223 


Voltage Regulating Transformers 
tend sta ae? magulatoxs <s 


from 250 - 580 VA Models 41 and 42 
* Universal fixing centres 
* Choice ida — or automatic models 


THE NEW MODELS 71, 72 from 1.5 to 2.5 KVA 
Self-aligning brush gear 


(PATENT PENDING) 
** Universal fixing centres 
** Choice of ganged or automatic models 


Details available from:— 
THE BRITISH ELECTRIC RESISTANCE CO. Ltd 
BERCO Queensway - Enfield - Middlesex Telephone : HOWard 24! 


Telegrams : Vitrohm, Enfield BRI 











Variable Speed Drives 


FOR EVERY INDUSTRY 


Carter Variable Speed Gears are available for powers from 
0°25 H.P. up to 35 H.P. Together with British Standard motors 
and, where required, output Reduction Gears they form efficient 
and compact variable speed drives. 


WRITE FOR FOLDER 657 


GARTER hyarauiic 
INFINITELY VARIABLE SPEED GEARS 


* Infinitely Variable Speed Range. 
%& Hand, Electrical Remote or Lever Controls. 


% Controls may be adjusted with drive RUNNING 
or STATIONARY. 


%* Loads may be picked up from ZERO r.p.m. 


Cc A RT be R G FE A R Ss LT D . BRADFORD 3, YORKSHIRE, Telephone: Bradford 64378 /9 


Telegrams: ‘Became’ Bradford, Telex. 
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NEWS OF THE MONTH 











PERSONAL 


Mr. L. M. Broadway has beer elected Deputy Chair- 
man to the board of C. C. Wakefield & Co. Ltd. He will 
hold this office in conjunction with his position as 
Managing Director. Mr. Broadway, who runs the 
expanding Wakefield Group of twenty-one companies, 
was promoted to the board in 1947 and has been Manag- 
ing Director since 1954. 

Messrs. Alfred Holt & Co., Liverpool, announce that 
following the retirement of Mr. A. G. Arnold, after 
forty-three years’ service with the company they 
have appointed Mr. J. B. Peacock, B.Sc. (Eng.), 
A.M.I.Mech.E., M.I.E.E., M.I.Mar.E., as Chief 
Superintendent Engineer. 

Mr. Harold Peters has been appointed the new 
Exeter area superintendent of the A.E.I. Lamp and 
Lighting Company Ltd. 

The General Council of the Combustion Engineering 
Association have appointed the following to hold office 
for the official year 1957-8:— President, Mr. H. C. 
Hawkins, A.M.I.Mech.E., M.Inst.E. (B.X. Plastics 
Ltd.); Vice-Presidents, Sir John Charrington (Charring- 
ton, Gardner, Locket & Co. Ltd.), Mr. B. Samuels, 
M.I.Mech.E., Sir Percy Sanders, C.B.E., D.L., J.P., 
A.M.I.Mech.E. (Association of Shell Boilermakers), 
Mr. E. W. Thompson, J.P., M.A. (John Thompson 
Ltd.); Chairman of the Council, Mr. L. N. Horne, 
F.Inst.F., M.Inst.T. (Charrington, Gardner, Locket & 
Co. Ltd.); Honorary Treasurer, Mr. E Barnes, 


M.Inst.F., A.M. Inst.B.E. (Riley (I.C.) Products Ltd.). 


Mr. T. O. Orr has been appointed Sales Manager to 
Air Pumps Ltd., and will operate from the company’s 
world sales department at 8 Francis Street, Westminster, 
§.W.1. Mr. Orr recently resigned from Sumo Pumps 
Ltd. 


Councillor W. G. Pallett, J.P., F.C.W.A. has accepted 
an appointment as Managing Director of Brayshaw 
Furnaces & Tools Ltd., Manchester 12, and he has taken 
up his duties immediately. Mr. Pallett is a member of the 
Sheffield City Council and was until recently Managing 
Director of the Laycock Engineering Co. Ltd., Sheffield. 
From the beginning of April, Mr. W. T. C. Roden took 
the position of Technical General Manager of Brayshaw 
Furnaces & Tools Ltd. 


Mr. Stanley N. Loosen has been appointed Sales 
Director of The Anti-Attrition Metal Co. Ltd., the 
non-ferrous founders and engineers at Maidenhead, 
Berkshire. 


Mr. S. W. Perkins, Special Director and Manager of 
the Factored Machine Division, Wickman Ltd., has been 
appointed to the board of the company. Mr. J. W. 
Buchanan, who has reached retiring age relinquishes 
his appointment. He first joined the company in 1930 as 
London Area Manager, being appointed to the board in 
1940. He was then for many years in charge of the 
company’s export business and in this connection 
travelled widely overseas. For the past twelve years he 
has been a member of the Council of the Machine Tool 
Trades Association and served on the committees 
responsible for organizing the 1948 and 1952 Machine 
Tool Exhibitions. Since relinquishing executive office 
with Wickman Limited in 1955, Mr. Buchanan has served 
the company in a consultative capacity. 

Associated Electrical Industries Limited announce 
that P. J. N. Aldington and Sir Nicholas Cayzer, Bart., 
have t en elected Directors of the company. 
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Thermodare (Great Britain), of 94-98 Petty France, 
London, W.1, the United Kingdom sales subsidiary of 
Unidare Ltd., announce that they have just appointed 
Mr. R. J. Francis Manager of their Infra-Red Heating 
Division. Mr. Francis has had many years’ practical 
experience of Infra-Red heating and has been responsible 
for some of the largest installations in the south of 
England. For the time being, in addition to his activities 
as Manager of the Thermodare Infra-Red Heating 
Division, he will also be looking after the south-east of 
England for all Thermodare products. 


Mr. A. S. C. Chattey has been appointed Chairman of 
A.C.V. Sales Ltd. and Mr. P. Rackham, Home Sales 
Manager, has also been appointed a director of that 
Company. Mr. Chattey has been invited to join the board 
of ‘~ parent company, Associated Commercial Vehicles 
Ltd. 


Mr. J. D. Morton, B.Sc., M.I.Mech.E., M.I.E.E., 
National President of the Association of Mining Electrical 
and Mining Mechanical Engineers has been appointed 
Managing Director of Siemens-Schuckert (Great Britain) 
Ltd., following the retirement of Mr. A. E. Barton, 
M.B.E., M.I.Mech.E. 


Norton Grinding Wheel Company Limited announce 
that Mr. J. C. Ewer, will shortly be leaving them to take 
up a new appointment in Norton Company, U.S.A. 
Mr. Ewer, who has been with the Norton organization 
now for more than twenty years, was transferred to 
N.G.W. in 1950. In July of the following year he was 
appointed Managing Director and his six yéars of office 
have seen a steady growth in the range of Norton pro- 
ducts made in this country and in their total turnover. 
Changes of appointments following his departure will 
be announced by Mr. A. Donald Kelso. President of 
Norton Behr-Manning Overseas Inc., at the annual 
general meeting of N.G.W. which will be held early in 
May. 


Cable and Wireless Ltd. announce that Mr. A. H. 
Harris, A.M.I.E.E., has been appointed Deputy Engineer- 
in-Chief of the company as from Ist April. He succeeds. 
Mr. C. J. V. Lawson, M.I.E.E., M.I.R.E., who on that 
day takes office as Engineer-in-Chief in succession to 
Mr. J. A. Smale, C.B.E., A.F.C., B.Sc., M.I.E.E., who 
retires after thirty-eight years’ service. 


Expandite Limited announce the promotion of 
Mr. R. T. Richey to Area Manager, Motor Industry 
Division, and Mr. P. A. Tennant, Area Manager, Eastern 
Counties. Both have been technical representatives with 
the company for a number of years. 


Mr. S. G. Marshall has been appointed Manager of 
the machine shop at the Belfast Works of Short Brothers 
& Harland Limited. Mr. Marshall first joined Shorts in 
1941 when he worked in the Aerodynamics Department, 
at Rochester. In 1953 he became Assistant Project 
Engineer on Comet production and was later appointed 
Britannia Project Engineer with responsibility for the 
build-up of Britannia production at Belfast. 


Mr. F. Gordon Kay, of the Acheson Organization 
left on Sth April for an extended tour of overseas markets. 
After spending one week in New York he will proceed to 
Brazil and then visit each of the other major countries 
in the South American Continent where “‘ dag’’ dis- 
persions of colloidal graphite and molybdenum disul- 
phide are finding a growing market. It is expected that 
during the trip Mr. Kay will cover between 22,000 and 
24,000 miles by air. 
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Vital threads in the production of ARMSTRONG SIDDELEY 
‘© MAMBA?’ turboprop power units are ground on Newall ‘NL’ 
Thread Grinding Machines. 

Designed for high-speed, precision grinding of regular or irregular 
thread forms and helical or annular profiles, the ‘NL’ Thread 
Grinder will produce components 
to unexcelled pitch accuracy. 





Please address enquiries to 
NEWALL GROUP SALES LTD PETERBOROUGH 
RB -OR O UGH 3°22 Tee? 
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BUSINESS NEWS 

' An Agreement has recently been made between Lodge 
Pings. Limited, who manufacture ‘‘ Sintox ”’ material at 
‘the works in Rugby, and English Steel Tool Corporation 
Lid., Openshaw, Manchester (a wholly owned subsidiary 
@ English Steel Corporation Ltd., Sheffield) whereby the 
distribution of ‘‘ Sintox ’’ Cutting Tools in the United 
Kingdom is now to be undertaken exclusively by English 
Sieel Tool Corporation Ltd. 


" The telephone number of the Honeywell-Brown Ltd., 
Middlesbrough office is now stated to be Middles- 


e 


prough 44331/3 and not as shown in our April issue. 


A new joint company, Davy British Oxygen Limited, 
ts been formed which will make available to the Steel 
Industry ‘* oxy-steel ’’ processes utilising the steel plant 
manufacturing resources of Davy and United Engineering 
Co. Ltd., Sheffield, and the metallurgical techniques and 
Monnage oxygen plant manufacturing facilities of British 
“Oxygen Engineering Ltd. and British Oxygen Linde Ltd. 


Following the recent statement that the Baldwin 
Tpstrument Co. Ltd. had joined the Group of Companies 
controlled by C. E. Harper Aircraft Co. Ltd. it is now 
‘announced that the present range of Baldwin products 
‘will be continued with increasing emphasis on industrial 
application of nucleonics, electronics and fluid power 
‘quipment. Over the next four years, manufacturing 
facilities will be considerably expanded as will research 
rand development. They will continue to operate as a 
‘wparate company but will be supported by the larger 
fesources of the Harper Group. 


Marconi’s Wireless Telegraph Co. Ltd., have supplied 
the first industrial television equipment to the National 
Coal Board which is being used experimentally at the 
Manvers Coal Preparation Plant at Wath-on-Dearne, 
where it has been installed as an aid to plant control. 


An exchange of technical knowledge on liquid fuel 
tocket engines—primarily those using high test peroxide 
—will result from an agreement signed by the Aerojet- 
General Corporation of the United States and D. Napier 
and Son Ltd., of Acton, London. 


Extensive alterations have commenced at the New- 
castle Branch premises of Simms Motor Units Ltd. An 
additional building adjacent to the existing premises has 
been acquired which is being completely rebuilt inter- 
nally and when completed will house a new diesel depart- 
Ment equipped with the most up-to-date machines for 
the servicing of fuel injection equipment. Enlargement of 
the present electrical repair department and stores will 
also be carried out at the same time. The second floor 
of the new building will be occupied by two of the 
Simms Group Companies—Industrial Fan & Heater Co. 
Ltd., of Birmingham and R. F. Landon & Partners Ltd., 
of Kingsway, London—as their Northern Area Offices 
and Service Depot. 


Monks & Crane Ltd., distributors of engineers’ small 
tools, recently announced in their development pro- 
gramme the inauguration of a Machine Tool Division. 
This expansion has sprung from the recognition of a 
world-wide market for British and Continental Machines. 
At Garretts Green Lane, the Company’s Head Office in 
Birmingham, a large proportion of the new contemporary 
showroom accommodates an excellent display of 
machines for drilling, shaping, milling, turning, grinding 
and cutter grinding and arrangements will be gladly made 
for demonstrations on request. 


The First Year Book of the Federation of Engineer- 
ing Design Consultants, has been published, some ten 
months after the Federation’s formation. This is a 
comprehensive reference book containing the fullest 
details of the Federation’s member firms, technical scope, 
qualifications, specialist fields, experience and many other 
details which will be of interest to manufacturers who 
avail themselves of the services of engineering design 
consultants. Technical and geographical indices are 
included for convenient reference. Copies of the Year 
Book 1957 are available upon application to the General 
Secretary, The Federation of Engineering Design Con- 
sultants, St. Stephen’s House, Westminster, S.W.1. 
Price: Ss. 


Previously located at 16 Hockley Street, Birmingham, 
the cable sales office and warehouse of Standard Tele- 
phones and Cables Limited was moved to larger premises 
at 48 Kenyon Street, Birmingham on Monday, the 29th 
April. Under the management of Mr. N. F. Abbott, the 
new depot will carry complete stocks of all types of 
Standard rubber and plastic cables. 


From April 1, 1957, the Technical Sales and Service 
Department of the Acheson Colloids Ltd. have moved to 
70 Hill Street, Richmond, Surrey. Telephone RICh- 
mond 2066 and 2634. The move, which has been neces- 
sitated by the continued expansion of the sale of ‘** dag ” 
products, will enable the department to provide better 
and speedier service. The Accounting Section will remain 
at 18 Pall Mall. All future orders should be sent to the 
Richmond address and enquiries for Technical Sales and 


. Service to Richmond or the nearest area Sales Office at 


79 Church Road, Moseley, Birmingham, 13. Telephone: 
South 2676 or Champness Building, Drake Street, 
Rochdale, Lancs. Telephone: Rochdale 48667. 


The Lincoln Electric Co. Ltd., commenced manufac- 
ture of their products in a small single-storey factory at 
Welwyn Garden City, Herts, in August 1935. Now, in 
1957, they celebrate their 21st Anniversary. During these 
21 years the continual expansion of the Company’s acti- 
vities has necessitated several factory extensions, until, 
finally, the position has been reached where further 
enlargement of the factory was not practicable. A com- 
pletely new factory which was commenced in February 
1956, has now been built and is to be officially opened on 
the 22nd May, 1957. 








Empire Engineering (Co. (Manchester) Ltd. 


High Class Brassfinishers and General Engineers 


Relief Valves for Compressed Air Units, Mech 
Air Receivers, Steam Lines, etc. 
Steam Driers, Oil Separators, 
Hand Pumps. 
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CONSOLIDATED PNEUMATIC MAKE OVER 480 
DIFFERENT MODELS OF POWER TOOLS 


PE NIE AE mag 


IT IS THE QUIETEST 


a ee This 1s the GP. | 
I SUPERSONIC SCREWDRIVER . * 
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= 
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The C.P.—3008 screwdriver is a really effective step forward in overcoming 
production and assembly shop noise. It has a supersonic exhaust—the 
exhaust sound waves have been raised to a frequency higher than that 
audible to the human ear. Other efficiency features are—clutch, adjust- . ‘ . 
able without the use of tools ; built-in speed control ; directional exhaust; . : red 
all steel construction ; weight less than 2 Ib. ; length only 9 inches ; : : . > lin 
full line of accessories. Write SP426 on a postcard for full details. % ie SP out 
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vA AIR COMPRESSORS 
; 4 PNEUMATIC TOOLS = : . 
ELECTRIC TOOLS ee rece 
onsolidated Pneumatic (ilmeeeercanes Zi: 
ROCK DRILLS * PUMPS ‘ A 
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CONSOLIDATED PNEUMATIC TOOL CO. LTD., — ’ sma 
Dawes Road, London, S.W.6 if 








PATENT I tho 


AUTOMATIC Fe 
SCREWING MACHINES | |) 


WITH ROTARY TANGENTIAL mac 
DIE HEADS = 





CATALOGUE FREE rows } These minione windaan especially designed Hi 55/¢ 
ON REQUEST for quantity production work, and they are 
capable of extremely fast rates of output. Out- 

standing features include Tangential Die Head, : dep 
Hand and Automatic Releasing Motion, Auto- a con 


J 0 S H UA H EA p & C 0. : LT D. matic Closing Device, Automatic Pump, etc. 


ASHTON - UNDER -LYNE* ENGLAND 


A full range of sizes are available intr 
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INDUSTRIAL PRODUCTS 


A gencral duty, } in. capacity, two-speed portable 
electric drill has now been made available by Wolf 
Electric Tools Limited, of London, W.5S. The introduction 
of this machine will enable usere to perform } in. (high 
speed), aid 4 in. (low speed) drilling operations in metal 
at the correct cutting speeds and with the minimum of 
effort. One advantage with this machine with its dual 
function is that when drilling deep 3 in. diameter holes in 
hard materials, extremely high penetration speeds can be 
obtained by drilling a } in. diameter pilot hole before 
boring out to the required diameter. 


The Consolidated Pneumatic Tool Company Ltd., of 
London, S.W.6, have recently introduced a Core Box 
Vibrator which operates at 9,000 vibrations per minute 
and can free cores up to 3,000 Ib in less than 90 seconds. 
The unit weighs 34 lb and may be clamped on to the 
cleats of the inverted core box, the clamp jaw grips being 
adjustable between 3 in. and 7 in. With the extremely 
® high rate of vibration and absence of heavy sledging of 
the core boxes many advantages are reported, such as 
reduced operator fatigue, undamaged cleats and boxes, 
elimination of trowelling time resulting in increased core 
output and core boxes which remain “true”, thus 
reducing core or casting rejects. 


Broadway Equipment Ltd., of London, N.W.3, have 
recently been appointed Sole Agents in the United King- 
dom for the ‘* Hufel ”’ electrically driven single and multi- 
spindle screw assembling and spin riveting machines for 
small electrical and similar components. These machines 
are very suitable for high quantity production and can 
be delivered with 3 phase or single phase capacitor-start 
motors. 


A new propeller brake weighing only 24 oz. will be 
among the exhibits of the Aviation Division of the Dun- 
lop Rubber Co. Ltd., at the 22nd Salon International de 
Aeronautique. It has been designed to stop propellers 
rotating as soon as possible after landing, allowing a 
marked reduction in “* turn round ”’ time. 


A.E.I. Lamp and Lighting Company Ltd., of London, 
W.C.2, announces the introduction of a new flame- 
proof fluorescent fitting. Designed for safe operation in 
' atmospheres where inflammable vapours and explosive 
gases may be present, the fitting is fully Buxton certified 
» and approved for use in Group II and III inflammable 
gases. This covers most industrial situations, including 
| those in the petro-chemical industries. 


Following the recent additions to their range, the 
Supaslot Angle Co. (G.B.) Ltd., of London, W.1, now 
announce an improvement in the design of Supaslot 
| Major 14 and Supaslot Major 12 gauge angles. Whilst 
retaining all the advantages of fixing and adjustability, 
the new design gives even greater strength which has been 
made possible by replacing the 45° slot with a hole on the 
inner edge and an angled transverse slot on the outer 
edge of the large flange. With this arrangement there is 
an added advantage in that positive location can be 
) obtained at every 1} in. instead of every 3 in. 


Three new electrodes which are suitable for either 
A.C. or D.C. supply have been added to the range manu- 
factured by Quasi-Arc Limited, of Bilston, Staffordshire. 
Ferroloid No. 3 electrodes are a development in the 
55/45 Nickel-Iron class and are intended especially for 
Strength welding of ordinary grey and special duty cast 
iron. Chromoid No. 4 electrodes, of particular interest 
to chemical engineering and oil refining industries, 
deposit weld metal of 18/8/3 Chromium-Nickel-Molyb- 
denum composition stabilized with Niobium, and they 
| conform to the requirements of I.C.I. Specification 

No. M.i54G, Class E. 


Aust’ tite Limited, of Crawley, Sussex, announce the 
introdu. ..on of a new Rotary Switch, the type A.15, 
Which i: xn extension of their existing range. In spite of 
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its compactness, the switch is liberally rated at 15 A 
250 V, or alternatively, 73 A 440 V. Also, it is suitable 
for direct-on-line starting of 3-phase induction motors 
up to 5 hp. 

New Pubtications recently issued by the English 
Electric Co. Ltd., of Stafford, include numbers SG/238, 
Oil-Filled Outdoor Current-Transformers, SG/240, 
Indoor Current-Transformers, WA/135, Stainees Elec- 
trodes and SG/337, Medium Voltage Air-Break Switch- 
gear. 


A booklet entitled ‘Workshop Auxiliary Equip- 
ment ”’, issued by The British Thomson-Houston Co. Ltd., 
of Rugby, includes interesting information on electrical, 
mechanical and electronic aids to productivity, the 
equipments described being of the kind frequently needed 
A works engineer when planning industrial instal- 
ations. 


A new booklet entitled ‘“‘ Terylene for filtration ”’ 
has just been published by Imperial Chemical Industries 
Ltd., Fibres Division, Hookstone Road, Harrogate, 
Yorkshire. 


Desoutter Brothers Ltd., of London, N.W.9, have 
recently introduced four new silent pneumatic screw- 
drivers. The noise usually associated with these tools has 
now been reduced to such a low pitch that large numbers 
of them can be operated simultaneously without causing 
the slightest annoyance to the operators. These new 
models are available in a range of four different speeds; 
each one being designed for a specific purpose. The slow 
speed models by virtue of greater reduction gearing give 
higher torques where they are most required. Accessories 
include screwdriver bits for all types of screws with either 
slotted or cruciform heads and a wide range of box 
spanners for nutrunning. In addition, hexagon bits can 
be supplied for driving socket-headed cap screws and 
special spoke nipple bits are available for cycle wheels. 


Venner Electronics Limited, of New Malden, Surrey, 
have just produced two types of transistorized amplifier. 
The first, TS3, is intended for industrial applications and 
has a response within 3 db from 15 c/s to 125 ke/s; the 
second, TS4, is intended for frequencies in the audio 
range and has a response flat within 3 db from 120 c/s 
to 10 kc/s. The voltage gains of the amplifiers are similar, 
being between 900 and 1000. Each consists of two stages 
which may be used separately or in cascade, the individual 
stage gains being of the order of 60. The Amplifiers are 
assembled in plastic cases and are mounted on small 
8-pin bases. The pin connections are identical. The 
units are small and lightweight, Amplifier TS3 being 
14 in. x 1} in. X § in. and weighing } oz; Amplifier 
TS4 being 1 in. X 2} in. x #in. and weighing 14 oz. 


The first miniature fluorescent indicator lamp pro- 
duced in this country in colour, is now being marketed by 
Hivac Limited, the sub-miniature valve specialists of 
South Ruislip. The lamps are designed to meet the 
growing demand for an alternative colour to the standard 
neon. At present they are only being produced in green, 
but other colours may possibly become available in the 
future. Having the advantage of a negligible power con- 
sumption and absence of heat, they have numerous appli- 
cations both in industry and the domestic appliance field. 


An important licensing agreement which provides for 
the future manufacture of automatic machine tool control 
components has been concluded between The Plessey 
Company Limited, of Ilford, and Farrand Controls 
Inc., of New York. Under the agreement, Plessey will 
develop in this country during the next two years, appli- 
cations for the existing Farrand system of electronic 
machine tool control. The basis of the Farrand system is 
a position control element known as the Linear Inducto- 
syn which comprises a scale and slider allowing positional 
accuracy of better than -0001 in. with a repeatability of 
approximately 25 micro inches. 
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PULLEY BLOCKS 


Lightweight : 
Capacities : : #, 1, 2, 3, 5 TONS 


EAST 2771 for Ex-dioeh 


QW rue VAUGHAN CRANE CO. ger 


ENGLAND 





Hard wearing 


k paid! 





Makers of fine pulley blocks 
for over half a century. 
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| SPECIAL COCKS 
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ENGINEERING & MOTOR TRADES 


Wm.Whitehouse & Co. Ltd.. 
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Ee WIRE FORMS 








THE ENGINEERS’ 


Nickel plated 

spring steel clips from 

}" to 14” (14" size—17/6 

gross net), tool clips in the same material and 

sizes, phosphor bronze clips from 9 mm to 22 mm i 
—say when! There are lots of variations on the same theme 
if it isn’t in stock we can soon make it. Better get int 
with Lewis of Redditch today. 


A 2/6d postal order will bring . 


our 40-page booklet on § 

design, full of technical ( 

and just the thing for youré 
department. 


THE LEWIS SPRING C0. 
RESILIENT WORKS, REDD 
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Phone: Redditch 720/!/) 


London Office: 122 High Holborn. 
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CONTRACTS 
The General Electric Co. Ltd. is the contractor for the 


4 power equipment of the five high-speed diesel-electric 


train sets which are being designed and built by the 
Metropolitan-Cammel Carriage & Wagon Co. Ltd., in 
Birmingham, for service in the London Midland and 


- Western Regions of British Railways. 


The British Thomson-Houston Co. Ltd., has received 


’ contracts valued at nearly £1,000,000 from British Trans- 


Commission, covering switchgear and high-speed 


; circuit breakers required for the electrification of Kent 
Coast lines of the Southern Region of British Railways. 


The Free Piston Engine Co. Ltd., a member of the 


; Associated British Engineering group, announces that it 


has been awarded a contract by the Singapore City 


> Council to supply free piston engined power for an 
| electric generating station in Singapore City. This is the 
| largest single order for free piston machinery that has so 
' far been placed anywhere in the world. It is also the first 


British manufactured free piston gasifyer to be sold 
abroad. The present contract, which is in excess of 
£1,500,000, concerns the replacement of the previous 
steam plant at St. James power station, and is for an 
installation giving a total output of 36,000 kW, made up 
of six sets of 6000 kW each. Each set consists of eight 
GS.34 gasifyers of 100 hp each, driving an exhaust gas 
turbine and direct coupled alternator. The first 6000 kW 
unit is scheduled to come into operation in mid-summer, 
1959, and the full 36,000 kW will be in operation early in 
1960. The GS.34 unit is of the same type as that manu- 
factured by the French company SIGMA: such units have 
becn in operation at Cherbourg for a considerable time 
in the daily service of Electricité de France. The turbines 
and alternators will be supplied by Cie. Electro Mécani- 
que (C.E.M.). The Free Piston Engine Co. Ltd., sub- 
mitted their tender for this contract to the London 
Consultants to the Singapore City Council, Messrs. 
Preece, Cardew and Rider. 


J. & H. McLaren Limited. of Leeds, have won a 
$124,000 order from an American company for the 
supply of power plant for micro-wave telecommuni- 
cations equipment in Canada. This will be followed by 
orders for more than a quarter of a million dollars for 
additional equipment for an extended scheme. This 
order was secured by McLarens—a member of the 
Brush Group—despite keen American competition. 
The order has been obtained from the Montreal factory 
of the Radio Corporation of America. It is for diesel 
electric equipment required to provide a continuous 
source of supply to radio apparatus for a wireless tele- 
graphy scheme in the Province of Manitoba. 


Heenan & Froude Limited of Worcester, have received 
an order from the Royal Dutch Airlines for a Heenan 
torque-reaction hangar stand for testing Rolls-Royce 
Dart engines and also 5000 hp Allison Turbo Prop. 
engines. The plant will be supplied with all accessories 
and will be installed in one of the two existing test houses 
at Schiphol Airport, where two cable suspended hangar 
stands—supplied by Heenan & Froude—are in opera- 
tion. For some time the cable suspended plants will 
also remain in use for testing piston engines. It is 
expected that the torque-reaction plant will be in opera- 
tion early next year. 


A contract for the construction of the second stage of 
the foundations at High Marnham Power Station, 
Nottinghamshire, has been awarded by the Central 

city Authority to Taylor Woodrow Construction 

-, Who are already engaged on the first stage. Taylor 
Woodrow’s contract there now comprises the whole of 
the mai: foundations and circulating water works for the 
Station’: boiler and turbine plant, producing 1000 
Megawaits of power from five 200 megawatt turbo 
alternator sets. The work, valued in all at £4,250,000, is 
expecte to be completed in the summer of 1961. 
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EXHIBITIONS AND MEETINGS 


A new 16 mm colour film of 20 minutes duration 
entitled ** Air Controlled ’’ was shown for the first time 
on Wednesday 8th May, to an invited audience and the 
trade and local press, by Benton & Stone Ltd., of 
Aston Brook Street, Birmingham 6, at the Midland 
Hotel, Birmingham. The film covers a wide field of 
activities from shots in their own Works and that of Geo. 
H. Hughes Ltd., in Birmingham, to examples in a modern 
bottling plant, a well-known car factory, an instrument 
works, and an ironworks slag-handling plant, etc. There 
was also an exhibition of some examples of the latest 
pneumatic equipment of their manufacture and that of 
Geo. H. Hughes Ltd., of Birmingham, who manufacture 
the British Bellows products under licence from the 
Bellows Company of Akron, Ohio, U.S.A. 


An Electronic Computer Exhibition, to include data 
handling equipment of all kinds, is to be held at Olym- 
pia, London, from November 28 to December 4, 1958. 
The Exhibition will be the first of its kind to be held in 
Great Britain. It is being sponsored, at the suggestion of 
the National Research Development Corporation, by a 
joint committee of the Radio Communication and 
Electronic Engineering Association and the Office 
Appliance and Business Equipment Trades Association 
under Mr. J. A. Cumming, chairman of the Exhibition 
Committee of O.A.B.E.T.A. The Radio Com- 
munication and Electronic Engineering Association 
recently formed a Data Processing Section and most of 
the leading firms concerned in both Associations have 
already indicated their intention to exhibit. A joint 
Exhibition Organizing Committee representing the two 
associations has been set up under the chairmanship of 
Mr. V. M. Roberts, a member of the Council of 
R.C.E.E.A. and Chairman of its publicity committee, 
with Mr. A. G. Coaten, a member of O.A.B.E.T.A., as 
Vice-Chairman. Mrs. 8S. S. Elliott, Exhibition Director of 
O.A.B.E.T.A., has been appointed Organizer and Mr. 
J. F. Richardson, Technical Secretary of R.C.E.E.A., 
is secretary of the Committee. Enquiries should be 
addressed to him at the Radio Communication and 
Electronic Engineering Association, 11 Green Street, 
London, W.1. 








NEW BALL & 
ROLLER BEARINGS 


OVER 4,000,000 IN STOCK 
IN MORE THAN 4,000 TYPES 


BRITAIN’S LARGEST STOCKS 


STOCK LIST AVAILABLE 


CLAUDE RYE BEARINGS 


895-921 FULHAM ROAD, LONDON, S.W.6 
Renown 6174 (Ext. 24) Cables: Rybearings, London Telex 2-3453 





















Write NU-WAY HEATING PLANTS LTD(80x447) DROITWICH 





227 





BACKED BY A QUARTER OF A CENTURY OF 
LOCKHEED HIGH-PRECISION HYDRAULICS 


ad : 4a 
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HYDRAULIC 
SLAVE CYLINDERS 


Expressly made to give long service 


Our first consideration in producing Lockheed hydraulic equip- 
ment is to ensure long life and reliability, with the minimum of 
maintenance under the arduous conditions imposed by 
industrial use, and we put these requirements before initial 
cost and other factors. 








Lockheed slave cylinders are to be found in boiler houses and gas plants 
throughout Britain, working satisfactorily afterten years without attention. 
The conditions generally involve heat, cold, fumes and dust. 

Among Lockheed features in quality design and manufacture which 
contribute to this result are 


| Hard-Chrome-Plated Bore 4 Mirrorfinish on ramsand in bore 
2 Hard-Chrome-Plated Ram 5 Long life seals of LOCKHEED 
3 Ram Bearing and Piston of design 
adequate length to prevent 6 Flexible protective boot on 
knuckling when extended ram extension 


In addition to the type of cylinder shown, we design many types of cylinder 
to the individual requirements of customers. 


Further particulars of these units will be sent on request—kindly mention this journal. 








Our engineers are always at your service to discuss industrial hydraulics. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED 
SHAW ROAD, SPEKE, LIVERPOOL, 19. Telephone: Hunts Cross 2121 


Lockheed i 
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Classified Advertisements BELPER TOOLS 


Te for a —— advertisement ti ae tani baal CHAPEL ST., LEVENSHULME, MANCHESTER, 19 
mint : « advertis 
tere. insrractions, ogether with remiitence, mst be received not PRECISION ENGINEERS 


extra. 4 with r 4 
} than the 3rd of each month for advertisements to appear in the same ed p i a 
month's issue. For Milling, Turning, Grinding, etc. 








SITUATIONS VACANT 


Oil Distillers and Refiners, Trafford Park, require young graduate 
i Alternatively a chartered mechanical engineer. Initially 
plant maintenance work. Wide scope. Salary according to potential 


See initio he Porsonil Ofer, Bow No. 368 The Engnces OSMOND 
Digest. 
WORK WANTED CUTTING OFF MACHINES 


Cut Wires, Pins, Special Rivets, Formed Wires, Manufactured to A. & $. OSMOND, LTD —— 


Specification by Wire Products and Machine Design Ltd., No. 4, . . 
Bridge Road, Haywards Heath, Sussex, Phone 1990. . 13 DOWRY SQ., BRISTOL Bristol 27604 

















A. & B. Motors (Newton-Le-Willows) Ltd., Mill Lane, Newton-Le- 
Willows, Lancashire, England: Accredited Motor Dealers for British 
Motor Corporation: Jaguar car, Rolls-Royce and Bentley, etc., 
have an efficient Engineering Department—engaged in the production 


s s 
of repetition machined parts: The work on hand is sub-contract for : 
numerous important establishments. The firm is desirous of taking on 
the manufacture of an American article from start to finish for sale in 


Great Britain under licence. They are equipped with modern machinery Sia CseRULiltsaprsmeciisieiitend 





Pys/iso 


with go ahead personnel having the know how to turn out a first class adie ad race mt : big 
job. Capital available and good representation. Bankers reference, "it dalle och lode fala be hin eh BA 
Westminster Bank Ltd., Earlstown, Newton-Le-Willows, Lancs. 
Trade reference, W. Watson & Co. Ltd., Car Distributors, Bold Street, 
keg s op gg eee) % = ~~ ( —e 
Limited, Mill Lane, Newton-Le-Willows, Lancs., England. Competitively priced “Prestex’’ Timers f 

” are vetatien Nasaa 7 jewelled with N Sand fot 

N) tad 


jewelled pallet movement.and interchangeable 


N 
BUSINESS FOR SALE Precision made parts for speedy repairs. N Masta 


Prestex set a new standard—especially in N 
Foundry Business for disposal in North Lincolnshire. Suitable for —- N calialogee 
sole trader or as a branch for existing foundry business. For further ae LIMITED : 
Ff SUPPLIERS OF STOP-WATCHES TO INDUSTRY 
details apply to the Trustee, S. D. Moore, F.C.A. (Dutton, Moore & Cuadtendd, Cte. saciid alee Yen conven an 


Co.), 4 Silver Street, Hull. 


(Likdddidd 








UNIPOWER 


A BIRFIELD COMPANY 


Ignore this advertisement if you want an easy-paced job awaiting dead men’s shoes. We have exciting prospects 

to offer the right men. Unipower Rzeppa is a fairly new member of the energetic Birfield Group of Companies. It has a 

brilliant product—a really effective constant-velociiy universal joint, and Birfield is providing the capital to enable 

Rzeppa to market this product on a large scale. The Company is moving from Shipley, Yorkshire, to Birmingham to 

premises with Hardy Spicer Ltd., so that it will have space to set up modern production lines. To help achieve its 

ends it needs two first class men who are young and ambitious, educated to at least H.N.C. standard, and who meet 
the following requirements : 


1, MACHINE TOOL DESIGNER. 2. UNIVERSAL JOINT DESIGNER. 


The man to fill this job must have had first The initial design development and prototype work on this product 

class special purpose machine tool design has been done. There is, however, a great deal of design work to 

experience including work on electro-hydraulic do in the application of this product to each of its many uses. To 

controls and auto-cycle machines. take charge of this design work we need a competent young designer 
who knows that his career lies in producing ideas and translating 
them into designs and who has good design experience. We would 
particularly welcome hearing from men with experience in the 
design of products involving ball-bearings. 


In hoth cases the salary and terms of service will be attractive and for each man, in addition to attractive initial 
conditions, there will be the opportunity to work hard to earn personal growth which will come with the growth of the 
ompa‘:y. Applications should be made in writing to the Personnel Director, Hardy Spicer Ltd., Birch Road, Witton, 
cham, 6. 
mame 
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Approximately 3 square 
feet of floor space only is 







needed for these amazing 
Pilot Machines. 

The Cropper provides up 
to 14 tons for holding the 
material when cutting +” 
mild steel bar and 4” sheet 


steel and plate. 
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OWER PRESSES 


The 12 ton Pilot Press 
has a ram speed of 
14” per second free 
travel with 24” per 
second return. Pilot’s 
15 ton Press is power- 
ed by a 4 h.p. 3-phase 
electric motor and has 
a daylight of 162”, 
power return ram. On 
the 12 and 15 ton, 
ram pressures are ad- 
justable from zero to 
maximum. 

All parts are easily 
accessible for main- 
tenance. 

Please send for 
descriptive leaflet. 
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\RLITE KENSINGTON HOUGH™ 

‘SORBED OIL FILEINE H : 
1quID HEAT RayLuaric . _ Houghto-Safe 271 is re- 
SILKLUBRIC PERLITON inforced to ensure many 
VITAL E.P. EVSOL other benefits: 


+LYCO NEATS DIE SI 
JOSMOLINE HOUGHTOD" 
HTOGRIND SULFOL ¢ 
PERLITON HOUGH' 
XIE SLICK DRAW T 
“TEMP HOUGHTOGRIY 
'VSOL HOUGHTO-CL 
<ENSINGTON PEAF 
ABSORBED VIM 


@ High film strength provides 
greater protection for metal 
parts for longer periods. 

@ Extra service life of equipment. 
@ No ill-effects on type of packings 
normally used. 


cosMOLINE v) @ Houghto-Safe 271 maintains an 
ene iter ats unusually even viscosity through 
HouGHToOGRIND. Widely fluctuating temperatures, 
OSMOLUBRIC. OIL meaning high performance value— 


less wear and tear. 

@ The fiuid is pumpable at tem- 
peratures down to as low as 
minus 15 deg. F. 
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big problem. 
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LATEST INDUSTRIAL LITERATURE 





Electricity and Magnetism. By J. Newton, B.Sc., A. Inst. P., 
.E. 622 pp., 366 illustrations. Publishers : Sir Isaac Pitman 
Ltd., Parker Street, Kingsway, London, W.C.2. Price : 25/-. 
Covering the Electricity and Magnetism syllabuses of the Advanced 
of the General Certificate of Education and the Intermediate 
ex tion in Physics, and meeting the requirements of the Ordinary 
ees! Certificate in Applied Physics, this authoritative book starts 
with a study of current electricity, apart from two introductory chap- 
ters on electrostatics and magnetism. This order of treatment leads toa 
more balanced and interesting approach to the subject, without making 
sacrifice in the logical development. It avoids placing undue 
emphasis on electrostatics and magnetism, the detailed consideration 
of these being deferred until later. ; 
The many fundamental, but often abstract, concepts which are met 
within a study of electricity are fully explained, since a firm grasp of 
these is essential to any real understanding of the subject. Information 
ofa more technical character has been included, where appropriate, to 
assist the reader to appreciate the practical aspects of electrical science. 
In addition, an introduction to the MKS system of units is given, since 
a knowledge of this is becoming increasingly necessary. 


Protective Painting of Structural Steel. By F. Fancutt, D.Sc., 
FR.LC., A.M.I.Chem.E., and J. C. Hudson, D.Sc., D.I.C., A-.R.C.S., 
RLM. 116 pp., 36 illustrations. Publishers : Chapman & Hall Ltd., 
37 Essex Street, London, W.C.2. Price : 21/-. : 

In considering methods of protecting structural steelwork agains 
atmospheric corrosion by means of paint, used alone or in conjunction 
with metal coatings, the three major factors governing success or 
failure are respectively surface preparation, choice of painting scheme, 
and painting procedure. The results of investigations by the Protective 
Coatings (Corrosion) Sub-Committee of the British Iron and_ Steel 
Research Association, show that the first of these factors is by far the 
most important, and that correct surface preparation of steel for 
painting is vital, if successful and economical protection is to be 
achieved. Maximum duration of protection is obtained by painting 
over surfaces which have been completely freed from millscale and 
Tust. 
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These aspects, together with discussions on the choice of paints, 
and details of the formulations of subsequent and finishing coats, are 
covered in this new, authoritative, and completely revised book, 
which has been specially prepared by the writers on behalf of the 
Sub-Committee. In addition, various other subjects are considered, 
such as the use of flame-cleaning or of the newly introduced pretreat- 
ment primers as a preparation for painting structural steel. Reference 
is also made to heat-resisting paints and to painting schemes for metal 
coatings on steel. In short, there can be no doubt that this book is a 
most useful contribution to all those concerned with the practical 
problems arising in the protection of steel structures by painting. 


Aircraft Hydraulics. Vol. I : Hydraulic Systems. Edited by H. G. 
Conway, M.A., M.I.Mech.E., F.R.Ae.S. 156 pp., 107 illustrations. 
Hoe i Chapman & Hall Ltd., 37 Essex Street, London, W.C.2. 

tice : 35/-. 

The design, development, and manufacture of hydraulic equipment 
for modern aircraft represent an important and essential activity of a 
sizeable section of the industry in every aircraft-producing country. 
With so rapidly developing a technique it is understandable that there 
has been a notable lack of a suitable textbook for engineers and 
students, covering the design and engineering principles of the equip- 
ment. This book has thus been produced to fill the gap, covering as 
adequately as possible the broad principles of hydraulics as applied to 
this field and giving advice on the design and use of components. 

_ Published under the authority of The Royal Aeronautical Society, 
this first volume contains well-illustrated and informative chapters 
(each written by an expert in his own field) on fluids, hydraulic theory 
(from the standpoint of aircraft systems), general system problems and 
corresponding circuits, and system-installation and development- 
testing problems. 

Vol. II, to be published later, will discuss component design. 


Mechanics. By H. Weiler, Lic. Es. Sc., Paris, M.Sc., A.S.T.C. 
533 pp., 285 illustrations. Publishers : Sir Isaac Pitman & Sons, Ltd., 
Parker Street, Kingsway, London, W.C.2. Price : 25/-. 

Covering all relevant subject matter for the Advanced Level, 
Scholarship, and Intermediate Examinations in Applied Mathematics, 
the author of this well-written book has paid particular attention to 
the logical development of the subject, while the text is sufficiently 
detailed to be read with ease, if necessary without the assistance of a 
teacher. The theory is illustrated by a great number of examples, and 
many exercises and revision questions are included. The revision 
questions are an essential part of the book, enabling the reader to 
assess the extent to which he has been able to absorb the theory of 
each chapter. 

4 A knowledge of calculus, but not of differential equations, is 
in | needed, and, in the introductory chapters, proofs are derived from 
td 























































first principles. 





4 Mathematics. By A. T. Starr, M.A., Ph.D., M.I.E.E. 556 pp., 


NGLAND & 238 illustrations. Publishers : Sir Isaac Pitman & Sons, Ltd., Parker 
| House, Kingsway, London, W.C.2. Price : 45/-. 
, Written specially to cover the syllabus of Mathematics Parts I & II 
HESTER ra the degree of Engineering of the University of London, this excel- 
L(Midds re book also covers the syllabuses of the Ordinary and Higher 
ASGOW ational Certificates. 
. Many xamples are worked out in the fields of physics and elec- 
—_—— dent cneincering, and many useful exercises are included. An 
ar 


f treatment of operational calculus is given by the method 
: the Lapiace transform, so that students may be able to take advan- 
‘age of the modern work which prefers this method. 
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1. Data on Steel Tubes and Bars. An excellent pocket diary con- 
taining 280 pages of technical data relating to tubes and bars, flanges, 
fittings and manipulated products has been published by a manu- 
facturer of these products. This booklet presents in compact form the 
data most commonly required, so as to minimize the number of refer- 
ence books required in the office. The main headings are extracts 
from British Standards, standard tolerances, weight lists, steel tables 
and useful tables. 


2. Diesel Engine Inertia Starter. This 2-page leaflet describes a new 
inertia starter which can easily be fitted in place of the standard electric 
starter, and turns the engine without any alteration in construction. 
Turning the cranking handle causes the starter pinion to engage with 
the flywheel and the engine is slowly rotated through auxiliary gears 
in the starter, freeing the engine, and priming the injection system. 
The starter reaches the required speed in ten seconds and a warning 
bell sounds, indicating that the cranking should cease and a small 
lever is then moved over to engage the inertia mass in the starter 
with the pinion, and turns the engine over smartly for about two 
revolutions. 


3. Fans. Two new brochures describing propeller fans and ancillary 
equipment describe in considerable detail the construction and cap- 
abilities of the many models. The fans are of the ring mounting type 
ranging from 7} in. to 60 in. diameter and diaphragm mounting type 
fans from 9 in. to 60 in. diameter, and are available for 50 c/s A.C. or 
D.C. operation. Special Buxton-tested flameproof A.C. motors and 
others for saturated atmospheres are also available. 


4. Phosphor Bronze. This 10-page catalogue describes the advantages 
of a specific tyre of phosphor bronze made by cold-drawing into 
tubes and round rods. The metal can be provided with a wide range 
of properties and there are three standard varieties relating to fully 
annealed, heat treated and hard conditions. In general, similar tools 
can be employed as for low carbon steel. For rough turning, high 
speed or hard metal tipped tools are suitable and, for fine turning, 
hard metal or diamond tipped tools. Rods are available in sizes from 
about } in. to 24 in., and tubes from about 4 in. to 6 in. bore with a 
maximum wall thickness of approximately } in. on the larger sizes. 


5. Valves. Two 6-page leaflets illustrate two new control valves now 
being made in the U.K. under licence from the U.S.A. The first is a 
two-way normally-closed solenoid operated valve for water, specially 
designed for a maximum flow capacity in industrial applications where 
long life and trouble-free operation is a necessity. Suitable for hot or 
cold water, pressures up to 150 psi, 3 in., ? in., and 1} in. pipe sizes it 
can be adapted to direct switch operation, automatic control, remote 
control, or time cycle operation, and is designed for continuous duty 
operation. The second valve has been designed specially for applica- 
tions requiring a small flow rate of not less than 2/10 gpm or more 
than 6/10 gpm of water, and is a compact unit consisting of a solenoid 
valve, flow rate control and inlet strainer. The basic valve is available 
with or without mounting bosses, and the flow rate control is also 
optional. 


6. Jointings and Packings. In a very well illustrated and informative 

128-page book covering a range of Jointings and packings, notes on 

the correct installation of the products are given at the beginning of 

each section. A most useful packing recommendation chart is also 

— and covers such factors as shaft speed, pressure, temperature, 
uid, etc. 


7. Internal Grinding Machine. Details have now been issued of an 
automatic internal grinder designed to achieve a very high level of 
precision with economy. Robustly built, it is operated by a single 
lever control after the initial setting up, and it is arranged for both 
gauge and diamond sizing to increase its scope of employment. Holes 
from } in. to 6 in. diameter can be ground to a maximum depth of 
6 in., while the swivelling workhead provides for grinding taper bores 
up to 60 degrees included angle. Including the control circuit, the 
grinder is operated entirely by hydraulic pressure fed from a 16 gallon 
tank by a rotary gear pump powered by a 2 hp motor. The automatic 
feed may be engaged or di ged at any time during the grinding 
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HERMETIC py peer co.1T) 


RYLAND STREET . BIRMINGHAM, 16 


Est: 1895 


Telephone: Edgbaston 0983/4 
Grams: Hermetic Birmingham 
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Send for details NOW— 
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Myford 


MODEL *‘MG!2"’ 


CYLINDRICAL GRINDEW 


This machine has established a reputation for high efficieng 
and low cost, and is now recognized as a BEST BUY. 


The MGI2 is a manually operated machine for accurate 
grinding small workpieces, where the actual grinding ti 


are short and automatic movements 
exploited. Useful 





cannot be fu 
for either Toolroom or Productiay 
work, it can also save money as a basic auxiliary to la 


machines. 
GRINDING CAPACITY, 3 x 12 in. 
WHEEL SIZE 10 x | x 3 in. bore. 
WHEEL SPINDLE SPEEDS 2200 and 2500 rpm. 
WORK SPEEDS (12) ranging from 75 to 730. 


MYFORD ENGINEERING CO. LTD. 


A90 


BEESTON, NOTTINGHAM, PHONE: BEESTON 25-4222 (3 LINES) GRAMS: MYFORD, BEESTON, NOTTINGHAM 
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